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ABSTRACT
Women with a history of gestational diabetes mellitus (GDM) are at an increased risk of
developing type two diabetes mellitus (T2DM). Nutritional guidelines for the prevention of
T2DM recommend a reduction of 7% of body weight if overweight, reduction in the intake of
fat and an increase in the intake of dietary fibre. Current research indicates overweight and
obesity and consumption of excessive dietary fat, are prevalent problems amongst women
with prior GDM. Thus, there is a need to develop interventions targeted towards lifestyle
change in these women. This thesis is a secondary analysis of dietary data from a pilot
behavioural lifestyle intervention in women with prior GDM: the Healthy Living Program
after Gestational Diabetes Mellitus (HeLP GDM) study. The following two central
hypotheses were tested:
1. dietary change was achieved in the HeLP GDM study
2. the associated dietary intakes collected from

two dietary assessment methods

provided relatively comparable estimates of macronutrient intake.

Methods: In the HeLP GDM study 59 overweight or obese women with prior GDM were
randomised to either a six month telephone diet and physical activity behavioural change
intervention group or a no treatment control group. For this thesis changes in intake of
energy, fat and fibre from baseline to six months were analysed using nutrient estimates
obtained from three day estimated food records and seven day telephone diet histories.
Additionally change in body weight from baseline to six months was assessed using selfreported weight. To assess relative validity baseline diet history and food record paired data
were compared for group differences. Change in bias from baseline to six months was
assessed using paired t tests with individual precision and presence of systematic error
determined by Bland Altman scatterplots.

Results: At six months diet history analysis demonstrated the intervention group compared to
the control group reduced energy by -1251 kJ (95%CI -2169, -332), total fat by -16.8 g (95%
CI -28.5, -5.0) and saturated fat by -7.2 g (95% CI -12.2, -2.1). Analysis of food record data
demonstrated only a relative reduction in saturated fat of -4.7 g (95% CI -9.0, -0.4) in the
intervention group. The reduction in energy by -849 kJ (95% CI -1774, 76) and total fat by 2

11.5 kJ (95% CI -23.2, 0.2) approached but failed to achieve statistical significance.
Intervention participants were more likely than control participants to consume an intake of
total fat less than ≤30 of total energy [9.2 greater odds (95% CI 2.1, 41.3)] and 15g per
4200kJ of fibre [8.5 greater odds (95% CI 2.0, 35.4)] identified by the diet history but not the
food record. Greater reduction in energy intake by the intervention group was confirmed by a
small but clinically significant reduction in weight of -2.4 kg (95% CI -4.5, -0.3).

Relative validity analysis identified mean bias between paired food record and diet history
estimates for all variables were not significantly different at baseline. For all variables no
significant change was found in bias at six months. However for each nutrients there was a
large standard deviation of the mean bias which indicated low precision between dietary
assessment estimates. No linear relationships were demonstrated between bias and mean
intake indicating an absence of systematic error for all variables.

Conclusion: Dietary intervention targeted at overweight or obese women with prior GDM
resulted in short term decreases in intake of energy, total fat and saturated fat, while an
appropriate intake of dietary fibre was maintained. Furthermore the reduction in energy
intake was accompanied by a decrease in body weight. Overall data obtained from both the
diet history and food record compared well at the group level and both methods identified
similar dietary change trends.
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CHAPTER ONE - LITERATURE REVIEW
Introduction
Women with previous gestational diabetes mellitus (GDM) are at high risk of developing
type two diabetes mellitus (T2DM) [1]. Insulin sensitivity (IS) measures which are used as
surrogate markers for T2DM are strongly influenced by dietary fat and fibre intake.[2-5]
Large randomised controlled trials (RCT) across different ethnic populations at risk of T2DM
have consistently shown increased physical activity (PA) and a lower total fat, higher fibre
diet reduces T2DM incidence.[6-9] Women with a history of GDM often do not consume a
diet in line with current guidelines to reduce their risk of developing T2DM and studies have
reported a number of barriers to achieving a healthy diet.[10-13] However, difficulties exist
in accessing and retaining women postpartum in clinical trials[14-16] and despite their
increased risk of T2DM, there are few dietary behavioural intervention trials targeting
women postpartum with a history of GDM.[17-20] These key issues provide the foundation
for the research presented in this thesis.

What follows is an in depth narrative literature review developed to outline key issues
pertinent to the thesis. To develop the review a search strategy was used with Pubmed and the
Cochrane database of systematic reviews. The following search terms were entered:
GDM/gestational

diabetes,

diabetes

mellitus,

postpartum

period/postnatal,

dietary/diet/nutrition, dietary fats, dietary fibre, weight/weight loss, lifestyle.

As there are a limited number of studies published in the area of postpartum interventions in
women with previous GDM no literature search limits were imposed. Reference and
bibliographical lists in the articles retrieved were scanned for additional relevant publications.
Previous relevant PhD and Masters theses which were freely available are also reviewed.

GDM and T2DM: what is the link
Diabetes Mellitus (DM) is a broad term used to describe a disorder characterised by high
blood glucose levels resulting from defects in insulin secretion, insulin action, or both.[21]
The chronic hyperglycaemia of DM leads to dysfunction and failure of the eyes, kidneys,
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nerves, heart and blood vessels.[21] There are four distinct categories of DM with the
following definitions:

Type 1 Diabetes Mellitus (T1DM): a form of DM resulting from a cellular-mediated
autoimmune destruction of the beta (β) cells of the pancreas.[21]
T2DM: Individuals with T2DM suffer from insulin resistance. Insulin resistance occurs when
normal concentrations of insulin produce a less than normal biological response.[22].
Additionally, in T2DM a relative rather than absolute insulin deficiency exists. T2DM is the
most common form, contributing to 85% of the prevalence of diabetes.[21]
GDM: any degree of glucose intolerance with onset or first recognition during
pregnancy.[21]
Other specific types: DM which arises from a collection of causes including: genetic causes,
excess levels of certain hormones (growth hormone, cortisol, glucagon, epinephrine) which
antagonise insulin action, drug or chemical induced DM, infections, diseases affecting the
pancreas and uncommon forms of immune mediated DM[21]

The following review will, however, focus only on T2DM and GDM.

In 2000 an estimated 171 million people worldwide were living with DM with future global
projections estimating the number will approximately double by 2030[23]. A 2006 forecast
model from a community based patient cohort the Freemantle Diabetes Study, determined if
the age specific and sex specific prevalence rates in Australia continue to rise; an extremely
conservative estimate of the projected national direct health care costs of T2DM at 2051, is
predicted to be $2.6 billion.[24]

Measured blood glucose from the 2011–13 Australian Health Survey (AHS) revealed in
2011–12, 5.1% of Australians aged 18 years and over had T2DM. This comprised 4.2% with
known T2DM and 0.9% with T2DM newly diagnosed from their test results conducted for
12

the survey.[25] The prevalence of T2DM has more than doubled since 1989-90.[26]
However, it would appear testing for T2DM has improved as a previous national survey
reported one undiagnosed case of T2DM for each known case.[27] In contrast 2011-13
figures indicate approximately one undiagnosed case of T2DM for every four diagnosed
cases.[25] It has been projected that unless trends in T2DM are reversed by 2025 there will
be two million Australians living with T2DM.[22]

A diagnosis of GDM transiently reveals the woman’s predisposition to T2DM. Pregnancy is
itself a period of increased insulin resistance. Increased insulin secretion required to maintain
normal blood glucose levels during an insulin resistant state, is decreased in women with
GDM.[28] According to the Australian Institute of Health and Welfare (AIHW), in 20052006 GDM was diagnosed in 4.6% of confinements among women aged 15-49 years.[29]
Depending on ethnicity and diagnostic criteria, the incidence of GDM in the literature is
quoted to be between 2.2 and 8.8% of the pregnant population.[30]

The incidence of GDM according to ethnicity is evident in Australia with the incidence as
high as 10.5% in women reporting a country within South Asia as their country of birth.[31]
While the prevalence of T2DM has increased, so too has the prevalence of GDM. A study
from Melbourne’s Mercy Hospital found between two five year intervals from 1979 to 1983
and 1984 to 1988 the incidence of GDM more than doubled from 3.3 to 7.5%.[32]

GDM and T2DM share similar non modifiable and modifiable risk factors. Risk factors such
as age, ethnicity and family history cannot be changed while carrying excess weight can be.
Body mass index (BMI) a common although not always accurately applied measure of body
fatness, is positively associated with development of T2DM.[25] An individual with a BMI
of ≥25.00-29.99 kg/m2 is considered overweight with those measuring ≥30.00
kg/m2considered obese.[33]

A 10 year follow up from 1986 to 1996 from two large

epidemiological studies the Nurses Health Study and the Health Professionals Follow Up
study, found overweight individuals were more than three times more likely to develop
T2DM compared with individuals of normal weight.[25] Additionally, the follow up found

13

morbidly obese individuals (BMI ≥35.00 kg/m2) were approximately 20 times more likely to
develop T2DM.

A diagnosis of GDM itself is a risk factor for T2DM. A meta-analysis of women with prior
GDM found the conversion rate to T2DM ranged from 2.6 to 70% over a period of six weeks
to 28 year postpartum.[1] The cumulative incidence in this study was greatest within five
years, reaching a plateau at ten years. However, a more recent large Australian retrospective
cohort study found the cumulative incidence to continue past ten years, with 25% of the
women developing T2DM at 15 years postpartum.[34] Women with prior GDM most at risk
of developing T2DM are those with the highest glucose levels during pregnancy. Increasing
BMI and insulin use have been inconsistently documented as long term predictors of risk in
this population.[1, 34]

It has been estimated that up to one third of the cases of T2DM among parous women in
Australia are associated with previous GDM.[30] As routine screening for GDM occurs in
Australian hospitals, one third of women with T2DM are able to be identified earlier via a
GDM pregnancy. Thus an ideal opportunity is presented to reduce the risk of T2DM in
women who have already had antenatal diabetes education and theoretically should be aware
of their future elevated risk.

Evidence for the role of diet in prevention of T2DM
There have been a very limited number of RCTs conducted for longer than 12 months which
have examined the effect of specific dietary patterns on T2DM risk. Given the complexities
of conducting large scale nutrition intervention studies, evidence of the association between
specific nutrients and prevention of T2DM have been based mainly on epidemiologic
research and short term RCTs. The short term trials have used IS as a T2DM surrogate
endpoint. IS is a measure of insulin responsiveness as well as insulin resistance.[35] Impaired
IS is an intermediate step for development of T2DM. Hence strategies to prevent a reduction
in IS may have a large impact on reducing populations affected with T2DM.[36]
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Many macro and micro nutrients and dietary patterns have been investigated for their role in
prevention or promotion of T2DM. In the 2003 World Health Organisation (WHO) technical
report on recommendations for the prevention of T2DM dietary intake of saturated fat acid
(SFA) was considered a probable risk factor for developing T2DM, while the intake of
dietary fibre was considered a probable protective factor.[37] The American Diabetes
Association (ADA) position statement on the nutritional recommendations for T2DM
primary prevention in individuals at high risk specify that programs be recommended which
emphasise the following lifestyle changes: weight loss if required, regular PA, reduction in
calories and dietary fat to approximately 30% of total calories and an intake of 15g of fibre
per 1000 calories.[38] These ADA nutritional recommendations are derived from several
large RCTs which effectively demonstrated intensive lifestyle change significantly reduces
the risk of T2DM.[6-9] As dietary fat and fibre targets have been the cornerstone for dietary
change in relation to reduction of T2DM only a discussion of the relevance of

these

macronutrients will be further addressed below.

Total fat and saturated fat

The WHO 2003 technical report on diet nutrition and the prevention of chronic disease
guidelines has suggested there is a possible increased risk of higher total fat intake and
development of T2DM. While it has been stated that there is a probable increased risk of
higher SFA intake and development of T2DM,[37] consistency of the existence of this
relationship appears however to be dependent on research design. Animal studies and
prospective cohort studies using biomarkers rather than dietary intakes consistently providing
evidence of detrimental effects of high SFA on IS and diabetes risk.

Positive associations between total fat and SFA and diagnosis of T2DM were found in a cross
sectional case control study of n =602, across six Mediterranean countries in Europe.[39] In
the study the diets of individuals recently diagnosed with diabetes (RDM) and those with
undiagnosed diabetes (UDM) were compared with sex, age, BMI, and centre-matched non
diabetic individuals. The RDM and UDM groups relative to their healthy controls were found
to have significantly higher intakes of total fat (30.2% versus 27.8% and 34.7%vs 30.4%,
respectively) and SFA from animal fat sources (12.2% versus 10.8% and 14.2% versus
10.6%, respectively).
15

Furthermore, a cross sectional study in healthy individuals which examined the relationship
between SFA content in muscle and measures of insulin resistance via the eugylcaemichyperinsulinaemic clamp (EHC)1 technique

demonstrated SFA content of the muscle

membrane was positively correlated to fasting serum insulin[40]. In another study of 30 non
diabetic patients both lean and obese, the amount of the SFA palmitic acid and skeletal
muscle triglycerides, were found to be determinants of impaired IS.[41] Although a 2012
systematic review and meta-analysis of cohort studies measuring dietary macronutrient intake
and T2DM risk did not find total fat and SFA to be associated with T2DM risk,[42] it has
been suggested that dietary components may have varying effects in individuals with
different predisposing genes and/or lifestyles and at different stages in the natural history of
T2DM. [43]

It must be noted that any systematic underreporting of fat intake in heavier individuals in
combination with the positive association between obesity and T2DM would be expected to
bias the relative risk estimates for fat intake and T2DM downward and potentially negate any
existing association.[43] This seems to be reinforced by the more consistent results seen with
prospective biomarker studies in which SFA levels have been associated with T2DM
surrogate endpoints or T2DM incidence. Long term prospective studies of sample sizes
ranging from n= 895 to over n= 3500 in both genders across Finland, Sweden, America and
Australia, have demonstrated significant associations between a high proportion of SFAs in
serum cholesterol esters and phospholipids and T2DM incidence.[44-47].

Animal studies have consistently demonstrated impairment in glucose tolerance after diets
high in SFA, while omega 3 polyunsaturated fatty acids (PUFA) have been shown to enhance
IS or reverse abnormal glucose tolerance caused by high SFA diets.[48-50] There is evidence
in humans that manipulation of dietary fat intake influences IS. The isoenergetic dietary RCT
1

The gold standard for investigating and quantifying insulin resistance. The plasma insulin
concentration is acutely raised and maintained at 100 μU/mL by a continuous infusion of insulin.
Meanwhile, the plasma glucose concentration is held constant at basal levels by a variable glucose
infusion. When the steady-state is achieved, the glucose infusion rate equals glucose uptake by all
the tissues in the body.
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named KANWU recruited men and women who ranged from a healthy weight to the
overweight.[5] Participants with IGT were also included. All participants were assigned to
one of the following two diets, both containing 37 percent of total energy (%E) from total fat:
a high SFA diet (17%E) or a high monounsaturated fatty acid (MUFA) diet (23%E). Food
products were provided to participants to assist in achieving dietary targets and dietary
compliance was tested by three day food records and by blood samples. IS was measured via
the intravenous glucose tolerance test (IVGTT)2.

After three months participants attained an increased MUFA intake of 8% to achieve %E
intake from MUFA of 21%. IS was significantly decreased by 10% on the high SFA diet
compared with the high MUFA diet, which did not change. There was no low fat study group
comparison however post hoc analysis revealed no beneficial effect of replacing SFA with
MUFA when %E from total fat consumed was above the median intake of 37%E. Hence this
indicates any benefit in changing quality of dietary fat in the diet is negated by a diet high in
total fat.

Reduction in total fat has been included as a dietary target in large long term successful RCTs
conducted to determine if T2DM can be delayed or prevented by pharmalogical intervention
and or by encouraging positive dietary and PA behaviour.[6-9] A post hoc analysis from one
of the major RCTs showed reduction in total fat was a significant predictor of the weight loss
achieved in the study.[51] With weight loss the dominant predictor of reduced T2DM
incidence, reduction in total fat, therefore, had an indirect effect on reduction in T2DM
incidence.

In another RCT further discussed in Dietary change in high risk individuals, reduction of total
fat to ≤30%E was included as part of five study goals, with a strong inverse correlation found
between achievement of a greater number of the study goals and incidence of T2DM. These
findings indicate reduction in total fat is albeit an indirectly beneficial dietary strategy for the
reduction of T2DM risk, reinforced by the previously mentioned ADA guidelines. There is a
2

A clinical approach to study beta cell function. This technique consists of the injection of a glucose bolus and
frequent sampling of plasma glucose and insulin or C-peptide concentrations.
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substantial body of evidence despite the inconsistencies across different research designs to
implicate SFA as a nutrient associated with the impairment of IS and development of T2DM.
Although there is no specific target set by ADA for reduction in SFA, a dietary target of less
than 10% of total energy from SFA as was trialled in the large RCTs discussed below,
appears an appropriate target for future prevention trials.

Polyunsaturated fat

With the evidence suggesting potential harm for a high intake of SFA on T2DM risk,
questions have been raised regarding an appropriate dietary fat replacement for SFA.
Consistent evidence has accumulated for the inverse association between PUFA intake and
T2DM risk. However, consideration of the individual’s PUFA intake in the context of overall
wellbeing not just its relation to T2DM risk must be considered.

In patients undergoing surgery for coronary artery disease, the phospholipid fraction of
muscle biopsy samples demonstrated long chain PUFA, arachidonic acid and the total
percentage of PUFA, were inversely associated with fasting serum insulin concentration.[40]
Conversely, IS was positively correlated with these same PUFA in their sample of healthy
men determined by EHC.[40] Additionally several prospective studies have found an inverse
association of dietary intake of PUFA and incidence of T2DM. In the Nurses Health Study
total PUFA intake was inversely associated with diabetes risk when all known risk factors
were controlled for (RR 0.75 95% CI 0.65, 0.88). Furthermore, a 5% increase in energy from
vegetable fat was associated with a reduced risk of diabetes (RR 0.79 95% CI 0.74, 0.84).[52]
In the Health professionals follow up study an inverse relationship between intake of the
PUFA linoleic acid and diabetes incidence was demonstrated only in men under the age of 65
(RR 0.74, 95% CI 0.60, 0.92).[53]

The 2012 systematic review and meta-analysis of cohort studies aforementioned concluded
vegetable fat was significantly associated with a lower risk of T2DM (RR 0.79 95% CI: 0.71,
0.86). However no other sub class of PUFA or total PUFA was found to be significantly
associated with T2DM risk. Thus it appears PUFA intake from vegetable fat rather than from
animal products may confer the benefit seen.
18

Concern is warranted, however, against advice to increase intake of foods high in omega 6
PUFA as excess intake has been implicated in other chronic diseases.[54] The current
adoption of PUFA-rich fats and oils has led to relatively high intakes of omega six (n-6)
PUFA and has resulted in a high ratio of n-6 to omega 3 (n-3) PUFA intake.[45] It has been
currently estimated the n-6 to n-3 consumption in a typical western diet is in the range of 15:1
to 20:1.[55] In the Melbourne Collaborative Cohort Study the ratio was 9:1[45] when the
optimal n-6 to n-3 intake for the human diet is suggested to be 1-2:1.[56]

In a post hoc analysis of KANWU a higher n-6 to n-3 intake was characterised by a
significant deterioration of IS within the duration of the study, independent of group
assignment (high SFA or high MUFA diet).[57] Moreover, individuals with a higher n-6 to n3 intake at baseline demonstrated greater deterioration in IS at three months.
Recommendations to limit SFA intake should take into account the possible importance of
the n-6 to n-3 intake and subsequent adverse effects of excess n-6 consumption.[45] Dietary
replacement of excess SFA by MUFA as is seen in the next section, shows more promise
than increasing the overall PUFA intake.

Monounsaturated fat

There is evidence to suggest that replacing intake of SFA with MUFA may have some benefit
for the reduction of diabetes risk. At the very least the Nurses Health Study and Health
Professionals follow up study found MUFA intake was not associated with T2DM
incidence.[52, 53] In addition two prospective cohort studies in Southern Europe found a
lower incidence of T2DM with increasing adherence to the Mediterranean diet in baseline
healthy

individuals[58]

and

myocardial

infarction

survivors.[59]

The

traditional

Mediterranean diet is high in MUFA as it is a diet characterised by: high consumption of
vegetables, legumes, grains, fruits, nuts and olive oil, moderate consumption of fish and wine
and a low consumption of red and processed meat and whole fat dairy.[60] The MUFA
content of the Mediterranean diets accounts for 16–29%E with olive oil the predominant
source of MUFA.[61]
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As presented in the section Total fat and saturated fat diets high in MUFA have been
compared with diets high in SFA. In KANWU when MUFA intake replaced some of the SFA
in the diet, IS was not impaired. Moreover, when analysis was conducted according to the
median fat intake of 37 %E, in individuals below the median intake, difference in IS between
the two diets was significant. This sub analysis demonstrated a 12.5% decrease in IS in the
high SFA diet and an 8.8% increase in IS in the high MUFA diet.[5]

Increasing evidence of the benefit of a diet high in MUFA as a replacement for SFA intake
comes from a large study of the Mediterranean dietary pattern. A sub study of the trial
determined the Mediterranean diet’s effect on T2DM incidence in men and women aged
between 55-80 years, who were at risk of cardiovascular disease.[60] In the three arm RCT
418 individuals free of diabetes followed three non-calorie restricted diets: a low fat (<35%E
from total fat “control”) diet, a Mediterranean diet enriched with olive oil and a
Mediterranean diet enriched with mixed nuts. It is important to note both olive oil and nuts
deliver a high amount of MUFA.

The Mediterranean diet included advice to do the following: use abundant olive oil for
cooking and dressing¸ increase consumption of fruit, vegetables, legumes and fish, reduce
total meat consumption recommending white meat instead of red or processed meat, prepare
homemade sauce with tomato, garlic, onion and spices, avoid butter, cream fast food, sweets
pastries and sugar sweetened drinks and moderate consumption of red wine for those who
drank alcohol. Those in the Mediterranean diet groups were given either one litre per week of
olive oil or mixed nuts 30g per day. Exercise was not promoted.

Participants were followed for a median of four years. Weight loss was similar and nonsignificant across all groups as was exercise. After adjustment for sex, age, BMI, baseline
energy intake, waist circumference, PA, smoking status, fasting glucose, use of lipid lowering
drugs, Mediterranean diet score and weight change, the incidence of T2DM determined by
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yearly blood samples from the oral glucose tolerance test (OGTT) 3, was reduced by 52%
when the two Mediterranean diet groups were combined, compared to the control group.
However, only 21% of the control group managed to achieve their goal of fat intake <35%
total energy and as this was a study of the benefit of a particular dietary pattern, there was no
mention of each group’s actual achieved MUFA intake. Overall the evidence is so far
accumulating for the benefits of a relative higher MUFA intake on improvement in IS and
T2DM incidence. Further trials in other at risk populations however are needed to make
definitive conclusions.

Dietary Fibre

Consistent evidence has accumulated for the benefit of an increased consumption of dietary
fibre and reduced risk of T2DM. Several prospective trials have investigated the association
between dietary fibre or wholegrain cereal intake and T2DM risk reduction. Foods are
considered to be wholegrain if all components of the kernel (bran, germ and endosperm) are
present in their natural proportions. Wholegrain foods, therefore, have comparatively greater
levels of cereal fibre than foods based on refined grain in which the bran and germ have been
removed.

In a Cochrane Review of 11 prospective studies, intake of cereal fibre was inversely
associated with T2DM, with the RR range of 0.63-0.72.[3] A meta-analysis of six prospective
cohort studies reviewing the association between wholegrain intake and incidence of T2DM
found total wholegrain intake was inversely associated with T2DM risk, with a RR of 0.79
(95% CI 0.72, 0.87) for each two serving per day increment in whole grain intake.[62]
According to this meta-analysis, results from the Nurses Health Study One and Two indicated
bran but not germ intake was significantly associated with a lower risk of T2DM (RR 0.70,
95% CI 0.62, 0.79).[62]

3

Under fasted conditions the individual consumes an oral dose of glucose most commonly 75grams
and blood glucose is measured over a time period, most commonly over two hours.

21

Results from the Tehran Lipid and Glucose Study, a study population of 2457 adults aged 1984 years, showed total dietary fibre intake (OR 0.53, 95% CI 0.39, 0.74) both soluble (OR
0.60, 95% CI 0.43, 0.84) and insoluble (OR 0.51, 95% CI 0.35, 0.72) were significantly and
inversely associated with the risk of the metabolic syndrome after adjustment for main and
dietary confounders.[2] Among the sources of dietary fibre studied, fruit fibre (OR 0.51, 95%
CI 0.37, 0.72) and legume fibre (OR 0.73, 95% CI 0.53, 0.99) were also significantly
inversely associated with the risk of the metabolic syndrome. Results from these prospective
studies and the subsequent reviews indicate advice to increase fibre intake from a range of
food sources such as fruit, legumes and grain products, may all contribute to the benefit of
dietary fibre on T2DM risk reduction.

There is also considerable evidence from short term RCTs that manipulation of fibre intake
influences IS. A double blind 18 week parallel RCT compared the effect on IS of four
isoenergetic diets: high protein (HP) diet versus high cereal fibre (HCF) diet versus control
diet versus mixed diet of moderate protein and moderate cereal fibre.[63] 111 overweight
individuals with features of the metabolic syndrome were assigned to one of the four diets.

In addition to emphasis of plant and vegetable sources to achieve dietary targets and
restriction in all groups of high fat animal products, all participants consumed a supplement
specific to group assignment. The HCF group consumed 30g dietary fibre and the HP group
consumed 58g protein, with the dietary target of 25-30%E from protein. A fibre intake target
is not mentioned however cereal fibre was emphasised only in HCF diet and the mixed diet
and participants were expected to consume at minimum 30g of fibre per day.

Dietary

compliance was good, with lower adherence to the HP diet found between week six and week
18 of the study. Overall IS in the HCF group improved significantly from baseline and
significantly decreased in the HP group resulting in a significant 25% difference in IS
between participants in the HCF and HP groups after week six. After week 18, differences in
IS were no longer significant partly explained by lower adherence to the HP diet. In the HCF
group at week 18 IS remained significantly increased by 16% compared with baseline values.
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Considered a third type of fibre alongside insoluble and soluble fibre is resistant starch, starch
which escapes digestion in the small intestine. In a single blind randomised placebo
controlled trial, supplementation of 40g per day of resistant starch for 12 weeks in 20 middle
aged adults with elevated fasting insulin levels improved IS by 19%, with 14% deterioration
in the placebo group (p=0.023).[64] Resistant starch escapes digestion in the small intestine
and is considered a third type of fibre alongside insoluble and soluble fibre. In contrast with
these results, no changes in glucose and insulin concentrations or markers of insulin
resistance and sensitivity were found in a 12 week three arm parallel RCT involving
manipulation of fibre intake in 226 middle aged healthy adults[65]. The participants in this
trial were assigned to either: a control diet consisting of refined cereals and white bread or a
diet where three servings of refined cereals foods were substituted with either: three servings
of whole-wheat foods (serving size of 70–80 g whole-meal bread and 30–40 g whole-grain
cereals) or a diet with one serving of whole wheat foods and two servings of oats, with the
oat serving size not specified.

To meet dietary targets participants were given refined or wheat- or oat-based wholegrain
foods. Each dietary group was designed to be practical and realistic for free-living individuals
to achieve, with no alteration of their usual lifestyle. The fibre intake in this study at 12
weeks was considerably lower (16.8 and 18.5g) in the two active treatment groups when
compared to the fibre intake of 30g or more achieved in intervention trials mentioned prior
that achieved significant change in IS.[63, 64].

In the prospective Tehran Lipid and Glucose Study participants who consumed ≥ 30g per day
of total dietary fibre were found to have a small but significantly lower risk of the metabolic
syndrome (-5% p=0.012). Together with results from the short term RCTs and as will be seen
in the next section, an intake of approximately 30g of

fibre or 15g per 4200kJ as

recommended by ADA, seems to be the amount of fibre required to confer benefit of
improvements to IS and reduced T2DM risk.
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Food and dietary patterns

For individuals at risk of T2DM achieving the ADA dietary targets for prevention of T2DM
may require change to the consumption of specific foods and/or general food patterns, with a
number of studies linking both individual foods and dietary patterns to T2DM risk. Red meat
is a dominant source of total and SFA in western diets. Although the nutritional composition
of red meat can vary according to breed, feeding regimen, season and meat cut, prospective
studies have linked higher consumption of red meat to an increased risk of T2DM.[66]

Additionally, the change in consumption of red meat intake over time and subsequent risk of
T2DM in three large prospective cohorts has been investigated. When FFQ data from the
Health Professionals Follow Up Study and the Nurses Health Study one and two were
pooled, compared with the reference group of no change in red meat intake, increasing red
meat intake of more than 0.50 servings per day was associated with a 48% elevated risk in the
subsequent four year period.[67] The association was only modestly attenuated after further
adjustment for initial BMI and concurrent weight gain.

In a 2007 review higher consumption of dairy foods was associated with the prevention of
T2DM. A 2011 meta analysis of seven cohort studies which investigated the influence of
type, fat content and daily consumption of dairy and risk of T2DM, found consumption of
low-fat dairy foods was associated with an 18% reduced risk of T2DM development.[68]
However, intake of high fat dairy foods and whole milk were not associated with such risk.
The meta analysis speculated the protective effect of dairy may largely due to nutrients other
than fat in milk and its products. Thus greater consumption of low fat dairy may confer
protection while avoiding potential harm from excessive SFA consumption.

Research using the cluster analysis method from food frequency questionnaire data has found
certain dietary patterns are associated with either an increase or reduction in T2DM. Data
from 10 308 individuals in the Whitehall II study of 20 civil service departments in London
demonstrated the “healthy pattern” compared with the unhealthy pattern reduced the risk of
T2DM (HR 0.74, 95% CI 0.58, 0.94), after adjustment for age, sex, ethnicity, dietary energy
misreporting, social position, smoking status, and leisure-time physical activity. The “healthy
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pattern” was characterised by: higher than average consumption of wholemeal bread, fruit
and vegetables, and polyunsaturated margarine and average to low consumption of red meat,
sweet foods, and wine and beer, while the unhealthy pattern was characterised by: higher than
average consumption of meat and sausages, white bread, fries, and full cream milk, average
consumption of wine and beer and very low consumption of fruit and vegetables.

The association between dietary patterns and development of T2DM specifically in
individuals at risk of diabetes including women with prior GDM, have contributed to the
body of evidence that indicates those individuals consuming a comparatively healthier diet,
have a lower risk of T2DM. In 20 835 overweight and obese participants in the Dutch part of
the EPIC-NL study, a diet high in soft drinks, fries and snacks and low in fruit and
vegetables, was associated with a higher risk of T2DM (HR 1.70 95 % CI 1.31, 2.20)

In 4413 women with history of GDM from the Nurses Healthy Study Two, the following
three healthy dietary patterns: the alternate Mediterranean diet (aMED), the Dietary
Approaches to Stop Hypertension (DASH), and the alternate Healthy Eating Index (aHEI)
were inversely associated with the risk of T2DM. The three dietary patterns promoted to
some degree higher consumption of fruit and vegetables, legumes, nuts, soy, fish and
seafood, wholegrains and cereal fibre and lower consumption of red and processed meat,
sugary foods and salt. The aMED pattern was associated with 40% lower risk of T2DM (HR
0.60, 95% CI 0.44, 0.82); the DASH pattern, a 46% lower risk (HR 0.54 95% CI 0.39, 0.73)
and the aHEI pattern, a 57% lower risk (HR 0.43 95% CI 0.31, 0.59). Adjustment for BMI
partially attenuated the effect estimates for the three dietary patterns, however estimates were
still significant.

The Mediterranean dietary pattern is characterised by: high consumption of vegetables,
legumes, grains, fruits, nuts and olive oil, moderate consumption of fish and wine and a low
consumption of red and processed meat and whole fat dairy. As mentioned previously, the
Mediterranean diet when followed over four years, resulted in a significant reduction in
T2DM incidence in older age adults.
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In summary the consistent association between a healthy dietary pattern and reduced risk of
T2DM and the emerging evidence of the long term benefits of consuming a Mediterranean
diet, affirm the suitability of encouraging individuals to consume a diet which is:
predominant in vegetables, fruit, wholegrains, legumes, nuts, MUFA oils and low fat dairy,
moderate in its intake of red meat and limited in processed meat and energy dense snacks
such as dessert items.

Dietary change and prevention of T2DM
Dietary change in high risk individuals

Moving on from evidence of individual nutrients and dietary patterns, large RCTs have been
conducted to determine if T2DM can be delayed or prevented by pharmacological
intervention and or by encouraging a range of positive dietary and PA behaviours.[6-9] These
trials were conducted across different ethnic populations involving individuals with IGT. In
two well-designed studies the American Diabetes Prevention Program (DPP) and the Finnish
Diabetes Prevention Study (DPS), lifestyle intervention resulted in a significant 58%
reduction in the incidence of T2DM compared to the control group.[6, 9]

The reduction in T2DM incidence was of a similar magnitude amongst men and women,
different ethnic groups and amongst younger and older participants. A small but significant
reduction of T2DM incidence by 26 – 31% with use of metformin, an oral glucose lowering
medication compared to a placebo group has been reported.[6, 8] However, combining
lifestyle intervention and metformin use has not been found to be significantly more effective
than lifestyle alone in reducing T2DM risk.[8] Amongst the studies the specific components
of the lifestyle intervention varied, with an overall focus on decreasing fat and energy intake,
increasing dietary fibre and encouraging daily PA with emphasis on walking.

In the DPP a loss of approximately five kilograms was estimated to account 55% of the
reduction in T2DM incidence. A significant reduction in diabetes incidence of 46% was
found amongst participants who completed 150 minutes minimum of moderate PA per week
without achieving the study's weight loss goal. The weight loss goal was to reduce and
maintain weight reduction of at least 7% initial body weight, if overweight. Change in dietary
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intake such as total energy or total fat were not associated with the reduction in T2DM risk.
However together with an increase in PA, lower baseline total fat intake and a reduction in
intake of total fat after one year were found to be significant predictors of weight loss both in
the shorter and longer term.

Results from the smaller Finnish DPS substantiate the results of the DPP.[9] Participants in
the DPS were encouraged to achieve the following goals: consumption of ≤30%E from total
fat and less than ≤10%E from SFA, consumption of 15g fibre per 1000kcal intake, weight
loss of 5% of initial body weight if overweight and completion of 30 mins of moderate PA
per day. As in the DPP, participants in the intervention arm of the DPS lost significantly more
weight than those in the control group at one year (-4.2kg versus -0.8kg). Among the
intervention group, those meeting the PA goal without achieving their weight loss goal had a
lower odds ratio of T2DM compared to those who did not meet the weight loss goal and
maintained a sedentary lifestyle (OR 0.3 CI 0.1, 0.7). Overall a strong inverse correlation was
noted between achievement of a greater number of study goals and incidence of T2DM,
indicating dietary change as part of lifestyle change is important for such risk reduction.

In a sub analysis of the DPP the difference in efficacy of the intervention between women
who did, or did not have a history of GDM were examined. In women with prior GDM,
treatment with metformin when compared to placebo resulted in a similar risk reduction
achieved by lifestyle intervention (50% versus 53% reduction in risk respectively).[69]
However treatment with metformin in women without such a history appears to be less
effective, with only a 14% risk reduction of T2DM found.

The report estimated five to six women with IGT and a history of GDM would need to be
treated over 3 years with either metformin or lifestyle intervention to prevent one case of
diabetes. In women without a history of GDM, these estimated numbers needed to prevent a
single case of diabetes over 3 years were 24 for metformin therapy and 9 for lifestyle
intervention. These estimates reaffirm the need to encourage women with prior GDM to
adopt lifestyle change which has proven effective in reducing risk of T2DM. Although
metformin was also found to be effective in women with prior GDM, consumption of lifelong
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metformin would be costly and the long term potential side effects of such a practice are not
established in this population.[69]

Dietary change in women with prior GDM
Dietary patterns reported in women with GDM

While it is possible to delay or prevent onset of T2DM via a healthy lifestyle, the current
lifestyle and dietary behaviour of women with prior GDM is not encouraging. Amongst a
cohort of 4718 American women with and without prior GDM, the former were significantly
heavier (BMI 27.4 kg/m2 versus 25.4 kg/m2) with a prevalence of overweight and obesity of
28.4% and 25.6%, respectively.[10] Only approximately one quarter of the sample of women
with previous GDM met the American fruit and vegetable consumption guidelines of five or
more servings per day and 36% ate less than three serves of fruit and vegetables daily.

Despite the smaller sample sizes amongst Australian studies the trends are just as alarming.
In a rural sample in Victoria of 53 women with prior GDM, 66% were above healthy weight
range with 24% classed as overweight and 42% as obese.[12] In a random sample of 226
women with prior GDM in Western Sydney, the mean BMI was 32.0kg/m2 and 30% were
obese.[13] Additionally the dietary intake of fruit and vegetables was low with only 5% of
the women meeting the recommended five or more vegetable servings per day, with 38%
consuming one or less servings per day. Furthermore, over half this sample of women
consumed less than the recommend two serves of fruit per day.

Conversely, fat intake in Australian women with prior GDM is higher than the recommended
less than 30 %E intake from total fat and less than 10 %E intake from SFA. Total fat and
SFA intakes in these women are reported in the range of 34% and 13-15.5% respectively.[11,
70] In women with a recurring history of GDM, fat intake was reported to be as high as
41.4%.[11]

The food frequency questionnaire (FFQ) administered to the above Western Sydney cohort
revealed women were engaging in dietary behaviours which favour high intakes of total fat
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and SFA. 50% of the sample consumed full cream milk and 25% consumed fried foods two
or more times per week.[13] According to a secondary analysis of the DPP, the subgroup of
women with previous GDM were unable to sustain weight loss achieved over a three year
period when compared to women without a previous GDM. Women with previous GDM
achieved weight loss of 5.1 ± 0.4 kg at six months with a steady weight regain to a mean
weight loss of only 1.6 ± 0.8 kg at year three, compared with a loss of 6.4 ± 0.2 kg and a
mean weight loss of 4.0 ±0.4 kg at three years in the women without previous GDM.[69]

In the small rural Victorian sample of women with previous GDM, the majority agreed eating
a healthy diet, maintaining weight and doing PA were important for preventing diabetes and
prevention was important.[12] However only 15 out of the 53 women in the study were
meeting PA guidelines and managing their weight, either classified within a healthy BMI or
currently losing weight. Psychosocial variables that influence the dietary behaviour of women
with a prior GDM has been explored with “Busy lifestyle” the most common barrier
reported.[13] Other barriers which featured predominantly were “too great a change from
current diet”, “cost” and “dislike of healthy foods by others in the household”.[13] It is of
interest to note the survey found a third of the sample reported a lack of knowledge of what
foods to consume to reduce their diabetes risk, given the women would have had at minimum
dietary education on managing GDM during the pregnancy. As a whole these results indicate
a need to improve the efficacy of the limited risk reduction strategies currently offered to
women post a GDM pregnancy.

Study Design issues for intervention research in women with GDM

When conducting clinical interventions in women post pregnancy and or with young
children, it is crucial to address the social context of the woman’s life stage. High attrition
rates ranging from 21 to 43% are cited for behavioural lifestyle interventions targeted at
postpartum women including those with prior GDM.[71] To minimise attrition and maximise
participation, the feasibility of obtaining assessment measures and intervention design must
be carefully considered when developing research protocol for such studies.
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A prior qualitative case study of a sample of women with prior GDM found physical and
emotional disturbances such as lack of sleep, fatigue, depression, stress, return to work and
the overall sense of feeling rushed were prevalent themes.[70] These issues demonstrate that
the physical capacity of mothers is limited. Not only can this influence the potential efficacy
of a lifestyle intervention but it may also limit the capacity of these women to partake in the
intervention at all or in a manner that is useful to the research team. In choosing methods of
data collection therefore while the quality of outcome data is important, the ability to obtain
sufficient outcome data must be considered.

The difficulty in obtaining biochemical data relating to T2DM intervention outcomes has
previously been highlighted in a behavioural intervention where the oral glucose tolerance
test (OGTT) which diagnoses IGT and T2DM was collected in only 13 of 20 the women who
provided data.[14] An OGTT requires the participant be available for two hours, fasted and
with minimal movement made during this time. It can only be speculated that this may poses
problems for mothers with limited childcare available, as childcare arrangements may be
required. Thus although obtaining measures of insulin sensitivity or diagnosis of T2DM is
ideal, research methods in the context of women with prior GDM who have young families
must be realistic, given at present there is limited literature on the efficacy and feasibility of
dietary change in these women.

In behavioural change interventions assessing dietary change, choice of dietary assessment
method must also be carefully considered. In the context of women with young children the
delivery of dietary assessment and degree of subject burden associated with a given method
may impact on quality and or quantity of results. These factors were the driving force for
decisions made regarding choice of dietary assessment in the current thesis.

The optimal timing and content of a post birth lifestyle interventions both in women with or
without complications in their pregnancies also remains undefined.[72] Recruitment of
women with or without previous GDM six weeks after birth has consistently resulted in high
drop out rates, slow recruitment or low participation[15, 72, 73]. Difficulties in recruiting for
a healthy lifestyle intervention at a minimum of six weeks postpartum is further highlighted
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in a study where 49 of a possible 3298 participants were randomised, giving a 1.5%
recruitment rate. Such a low recruitment rate occurred even though the study required no face
to face counselling and only two visits to the hospital for data collection.[74] The challenge
thus remains in designing an appropriate trial which maximises recruitment and retention in
order to demonstrate dietary change is possible.

Dietary change in women with prior GDM is possible

Previous large scale interventions in individuals at high risk of diabetes have shown diabetes
is preventable.[6-9] There are comparatively less large scale trials evaluating the efficacy of
diabetes risk reduction interventions on T2DM specifically in women with prior GDM.[17,
19] Since the design and implementation of the intervention from which this thesis is derived
and during the write up of this thesis, several studies have been published which have
examined lifestyle change in women with prior GDM.[18, 20] Within this literature dietary
outcomes are mostly secondary to changes in T2DM incidence or weight.

The studies have been conducted in Australian, American and Chinese women with study
sample sizes ranging from 38 in a small Australian pilot of rural women,[18] to a currently
on-going large scale Chinese RCT of 1180 women.[19] Most studies have delivered lifestyle
change involving dietary intervention in the postpartum period and beyond predominantly via
telephone, with one study beginning intervention immediately after the diagnosis of GDM
and continuing seven months thereafter.[20] The intervention period in these studies have
ranged from six months to a median of 51 months of follow up.

The majority have demonstrated significant reductions in body weight, total fat in absolute
amounts and as %E and greater increases in intake of fibre post intervention.[18-20, 75] An
Australian study in which women were given healthy diet and PA advice and counselling by
a dietitian every three months for a median of 51 months, however, demonstrated no
significant difference in incidence of T2DM between the intervention and control group.[17]
The large Chinese study has T2DM incidence as its primary outcome however final study
results are yet to be released at the time of writing this review.
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Summary of dietary change and prevention of T2DM

Different levels of evidence demonstrate a relationship between consumption of a diet high in
SFA and an increased risk of T2DM and conversely a greater consumption of fibre and a
decreased risk of T2DM. One well designed RCT has indicated replacement of SFA intake
with sources of MUFA may improve IS, provided overall fat intake does not exceed 37 %E.
Individuals counselled to follow a Mediterranean dietary pattern had a lower T2DM
incidence when followed over four years compared with a control low fat diet. RCTs which
targeted a fibre intake above 30 grams per day found IS improved in individuals with features
of the metabolic syndrome.[67, 68].

It is well established that T2DM can be prevented in high risk populations by reducing
weight and increasing PA. Combined with the other dietary and PA goals aforementioned,
decreasing total and SFA and increasing fibre intakes reduced the incidence of T2DM in
individuals with IGT. Subsequently reduction in body weight and intake of total fat and an
increase in fibre intake have been recommended by the ADA for inclusion in subsequent
T2DM prevention programs. Consumption of “healthy” food patterns has consistently been
associated with a lower risk of T2DM, most likely as such patterns enable the recommended
dietary fat and fibre targets for T2DM risk reduction to be achieved. Levels of overweight
and obesity are prevalent in women with prior GDM which further increases their risk of
T2DM. Additionally the poor quality of their diet as published in the literature indicates the
need for intervention to achieve a dietary pattern consistent with diabetes risk reduction and
to achieve the ADA dietary recommendations. The barriers which both limit participation in
research and prevent women with prior GDM from eating a healthy diet should be addressed
to maximise research participation and intervention efficacy.

Dietary assessment methods
The FFQ, 24 hour recall, food record and the diet history interview are the most common
methods available to quantify and assess dietary intake. Dietary assessment is vulnerable to
considerable error.[76, 77] Although no gold standard amongst these dietary methods exists
the repeated 24 hour recall and the weighed food record are considered the closest available.
The 24 hour recall requires the participant to remember all food and beverages consumed in
the previous 24 hours, with the interviewer using food models and household measures to
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help quantify the actual amount of food and beverages consumed.[78] The food record
involves either: estimating or weighing and measuring all foods and beverages consumed
using scales and household measures over a specified period of time, often three, four or
seven days. [78] The diet history is an intensive interview which generates information about
usual eating habits and often includes a food frequency checklist.[78] The FFQ asks
questions regarding the intake of specific food items and if it is a quantitative FFQ portion
size is included in order to generate usual intakes.[78]

The dietary assessment method chosen in a research setting is dependent on the aims of the
study, the resources available and the population under study. The food record and the diet
history were the means by which outcome data was collected for the HeLP GDM study and
subsequently the thesis.. Collecting a diet history was considered necessary, as a diet history
allows for a thorough investigation into the individuals dietary consumption. Consequently
the focus for the remainder of literature review concerns only these two dietary methods.

The validity of dietary assessment methods
Evaluating the validity of reported energy intake (EI) provides a valuable check on the
general quality of the dietary data in any study.[79]. If EI is underreported it is probable that
the intakes of other nutrients correlated to EI are also underestimated.[79] Misreporting, and
specifically underreporting of EI is persistent in all dietary assessments. Underreporting of
energy in a particular dietary assessment is commonly cited as a measure of criterion validity
in validation studies, both for justification of its use of in research design and for comparison
between assessment methods.[79-83] Previous work in the area of dietary methodology
found the degree to which participants underreport varies depending on the context and
characteristics of the participants of the study. [84]

An individual is considered to be in energy balance when energy intake is equal to energy
expenditure (EE). Underreporting is defined as a discrepancy between reported EI and
measured energy expenditure (EE) without any assumed or observed change in body
mass.[82] To determine underreporting a method of measuring EE is required, alternatively
underreporting can be calculated by evaluating reported intake against presumed
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requirements. Either way studies have reported different cut offs to distinguish
underreporting. Doubly labelled water (DLW) is the gold standard for measuring EE under
free-living conditions. The DLW method is costly and due to its expense, many validation
studies determine underreporting by using the Goldberg cutoff technique. This method
evaluates EI against estimated energy requirements EI:BMR, with the ratio subsequently
compared with a specific physical activity level (PAL) cut off value. The cutoff value
represents the lowest value of EI/BMR that could reasonably reflect the energy expenditure if
the person led a sedentary lifestyle.[85] Aside assessing the validity of reported energy
intakes, studies have validated nutrient intakes using urinary biomarkers. One example is
validation of protein intake by using nitrogen excretion levels in 24 hour urine samples.

According to two reviews on the validity of dietary assessments, BMI is most consistently
positively associated with underreporting.[79, 82] However underreporting is not limited to
overweight or obese individuals. In a nationwide quantitative FFQ administered in Norway,
52% of under reporters had a BMI of <25.0kg/m2[86]. Across several studies, women have
also been found more likely to underreport[82, 87] with several aspects of dieting (reported
trying to lose weight, dieting history, weight changes in the last five years, self-perception of
feeling to heavy, dieting during the study period) also linked to underreporting.[79, 82]
Underreporting of dietary intake via self-report methods in samples of overweight women
with prior GDM is thus likely. Underreporting published in the literature by the main dietary
assessment methods pertinent to the thesis, is discussed below. However individual
underreporting of dietary intake was not investigated in the current thesis.

In addition to determining the true validity of intakes obtained from dietary assessment,
dietary assessment methods are compared amongst each other to determine how well values
obtained agree, otherwise known as relative validity. Distinction must be made between
validity at the group level (the mean value) and validity at the individual level (correct
ranking). A method may provide a valid mean but rank poorly due to poor precision or
variable bias across subjects.[79] When measuring dietary change in a RCT, the assessment
of dietary data validity within the study context can strengthen the dietary study’s primary
findings. Given both diet history and food record datasets were analysed in regards to the

34

primary aim of this thesis which surrounds dietary change, an analysis of the relative validity
between the datasets became a secondary aim of this thesis.

Food records

The food record is a written record of actual food and drink consumption over a specified
period of time. The food record is usually weighed or estimated. Although the food record is
not free of error, of the above four methods of measuring dietary intake, the weighed food
record is often used as the reference method in validating new tools to assess nutrient
intake.[88] The food record however, places a much greater burden on the participant who
may change actual intake to make recording easier. High subject burden in general may effect
compliance and accuracy in data documentation [89] and relies to some extent on the
participant’s literacy. [90]

In a 2003 review of the markers of validity of reported energy intake, with inclusion of over
22 studies, the ratio of estimated EI:EE as determined by DLW for both the estimated and
weighed food record was 0.84. [79] The corresponding ‘acceptable reporters’ range was
defined as a ratio between 0.76–1.24. Thus the two variations of the food record method
underestimate energy intake equally within accepted limits. Additionally moderate
correlations between dietary intake assessed by the estimated food record and urinary
biomarkers have been reported for urinary nitrogen (r=0.66), sodium (r=0.48) and potassium
(0.58).[91]

Comparison between the estimated and weighed food record have been studied in different
populations with different time points for data collection which may contribute to differences
in study findings. Exact protocols for completing records have varied with portion estimation
in the estimated food record assisted by using photographs or drawings. Relative validity
studies have generally demonstrated the estimated food record compared with the weighed
food record does not obtain significantly different dietary intake values for energy, fat and
fibre.[92, 93] .
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However in a study of 60 individuals in Costa Rica a seven day weighed food record,
weighed independently by researchers when compared with a seven day estimated food
record. showed the estimated food record significantly underestimated mean intakes of
energy, dietary fibre and all other macronutrients with exception of absolute amount of total
fat.[89] However the nutrient intakes reported by the estimated record occurred within 10%
of the weighed food record values. Greater differences in estimates of mean energy and
nutrient intake were detected among participants from rural areas compared to urban areas
which contributed to the overall differences. Thus again emphasising the importance of study
context when interpreting results.

Diet history interview

Compared with other forms of dietary assessment the diet history is a less standardised
technique and can be conducted in several styles, depending on the interviewer’s technique.
Although the format may vary, the questioning is predominantly of an open ended nature.
The diet history is most commonly a face to face interview in which beginning with the first
meal eaten, the individual reports their intake, portion size and frequency of consumption;
over a usual day, week or other specified time frame.

To facilitate estimation of portion size, a range of portion size estimation aids (PSEA) exist
such as food models, photographs of foods or standard household measures. Diet histories in
clinical practice are an essential tool for identifying aspects of the diet which require change.
The diet history is however, labour intensive, time consuming and dependent on memory
recall of the interviewee.[94]

Much fewer studies have validated the use of the diet history against DLW, expected energy
requirement or biomarkers. The 2003 review aforementioned found the ratio of estimated
EI:EE as determined by DLW for diet histories which spanned either seven days or usual
intake of the previous month was also 0.84. The ‘acceptable reporters’ range as previously
mentioned was defined as a ratio between 0.76–1.24.[79] The review indicates the diet
history is a valid dietary assessment with both the diet history and food record method
underestimating true energy intake equally within the accepted limits.
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In an English study of 48 middle aged women the diet history was compared to a 16 day food
record and validated against urinary nitrogen (UN) DLW and study specific Goldberg
cutoffs.[95] The UN: nitrogen intake (NI) showed slight underreporting of protein intake with
no differences in magnitude between the diet history and food record. In a subsample of 16
individuals who completed DLW testing the EI:BMRmeasured ratio was 1.46 for weighed
records, and 1.60 for diet history compared with a measured physical activity level of 1.65
and a Goldberg cut-off value of 1.52. In the context of the Goldberg cutoff the food record
mean EI was biased to under-reporting whereas the mean EI from the diet history was
considered valid indicating relatively better performance of the diet history.

As the diet history represents a wide range of approaches which focus on an account of usual
intake, comparisons across relative validity studies of the diet history can be difficult. Unlike
the abundance of literature available comparing the relative validity of the other three dietary
assessment methods, there is sparse literature on relative validity of the diet history.
Difficulty in obtaining such literature may also arise due to the use of different wording to
term the diet history interview. The following section compares the performance of the diet
history with the food record in different populations and cultures with a number of studies
assessing relative validity in the clinical intervention context.

In healthy women and men and additionally in the overweight at high risk of T2DM or those
already diagnosed with T2DM, the diet history in majority of studies underestimated energy
and fat intake compared with the food record[80, 83, 96] A number of reports have however
reported an overestimation of energy, fat and fibre.[70, 97]. In majority of relative validity
analysis differences between mean estimates of macronutrients obtained were not significant,
otherwise differences in macronutrient intake in absolute values or when translated to the
context of actual foods were negligible.[83] Significant differences between methods in
energy intakes however are not negligible and have varied from -695kJ to -935kJ.[80, 96]
Large standard deviations of the mean bias were present in most studies.[70, 80, 96] A large
standard deviation of the mean bias demonstrates a wide extent of intra-individual variation
indicating low individual precision of agreement between methods.
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A study which assessed changes in bias between the diet history and food record over time in
two clinical trials of overweight individuals and those with T2DM found the magnitude of
bias for energy and fat was stable overtime.[96] Differences in context between the two trials
including study participants and intervention outcomes were found to influence the direction
and magnitude of the bias for MUFA, which confirms the importance of study context in any
assessment of relative validity. In both clinical trials change in MUFA was the primary
outcome. While there were no differences between the clinical trials in overall bias in the diet
history measurement of energy and %E from protein, carbohydrate, alcohol, total fat PUFA
and SFA, in the clinical trial of healthy individuals mean bias for %E from MUFA was small
and underestimated by the diet history. In the clinical trial of individuals with T2DM the
mean bias was larger and overestimated by the diet history.

In the first clinical trial underestimation of MUFA intake was suggested to have resulted from
changes in actual food intake at the time of recording, to resemble the study goals of
increasing MUFA.[96] It was speculated that in the second clinical trial since prescription
related reporting in people with T2DM has previously been demonstrated, they may have
simply reported intakes that were in line with the intervention goals. However change in
MUFA was not reflected in the food record as the food record reflected actual food
intake.[96]

The downside to conducting a diet history is the time needed to complete the assessment and
subsequently the cost. Traditionally most interview methods are conducted face to face
however to save time, money and increase recruitment other modes of administration have
been investigated, of which most common is the telephone.[98] Literature is available on the
validity of the computer assisted diet history[99] however at the time of writing the thesis
candidate was unaware of any published literature which has explicitly documented the
relative validity of the diet history conducted via telephone compared with the traditional face
to face method or any other dietary assessment.

A 1992 review of the telephone survey as a method of dietary assessment found intakes
obtained via telephone for the FFQ and 24 hour recall correlated well however the review
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called for more literature in this area.[98] Two more recent studies conducted in 2000 have
compared the dietary data from the 24 hour recall method via telephone with that collected
face to face in adult women. The studies confirm the relative validity of using the telephone
as a vehicle for dietary assessment.[100, 101]

In one study energy intakes were compared to energy expenditure measured by DLW.
Underreporting was present with EI significantly lower than expenditure for both telephone
and face to face interviews with no significant difference between the two in the magnitude
of underreporting.[100] Additionally there was no significant difference at group level in
energy intakes between the telephone and face to face interview. In the second study no
significant differences in intake of energy, total fat and SFA or fibre were found between the
telephone interview or the face to face interview.[101]

One potential source of error in dietary intake studies is portion size estimation.[102] The
PSEAs which can be used are limited when dietary assessment is conducted via telephone
compared with in person assessment. 2D PSEA for example photographs of portion size are
predominantly used, as they can be mailed to respondents before interviewing. A study has
compared the accuracy with which respondents reported food intake in the 24 hour recall
when using 2D versus 3D PSEAs, during an in person versus telephone interview in 120
people aged 18-65 years.[102] No significant differences were found in the accuracy with
which respondents reported intake when using the same set of 2D aids during in-person or
telephone interviews indicating portion estimation was not affected by change in
administration of the assessment.

Summary of dietary assessment methods

It appears the diet history underreports energy intake to same degree as the weighed or
estimated food record when underreporting is determined by objective biomarkers. A number
of studies show small differences between the diet history and food record group mean
estimates. The precision of individual estimates from the diet history and food record to agree
however is low. Overall the results from relative validity analyses indicate compared with
food record estimates, diet history values may underreport energy and dietary fat. However
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the context of the trial including outcomes of interest in the intervention, nutrients studied
and sample population recruited, may affect direction and magnitude of the bias. Validation
of the use of the telephone to administer the diet history appears to be unknown although
research indicates dietary intakes obtained via telephone for other dietary assessment
methods are comparable to those obtained in a face to face interview.

Literature review summary
Women with prior GDM are at a high risk of developing T2DM. ADA nutritional guidelines
for the prevention of T2DM recommend a reduction in body weight, reduction in dietary fat
and an increase in dietary fibre for individuals at high risk of diabetes. Survey data of
postpartum women with previous GDM show their current dietary practices and
macronutrient intakes favour progression towards T2DM. Small and large scale studies in
women with prior GDM have modelled their dietary targets on targets defined in prior large
scale T2DM prevention studies in individuals at high risk of T2DM. Intervention studies in
women with prior GDM have demonstrated positive dietary change for T2DM risk reduction
is possible, however in the majority, study samples are small and intervention duration has
been short. The current thesis are secondary analyses of dietary data collected from a
feasibility pilot assessing lifestyle change in postpartum women with prior GDM within the
western Sydney Local Health District.
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Chapter Two - Research Design and Hypothesis
Introduction
This thesis contains secondary analyses of data from the randomised controlled pilot the
Healthy Living Program after Gestational Diabetes Mellitus (HeLP GDM) study, a lifestyle
behavioural intervention conducted in a sample of women with previous GDM. Under the
guidance of the collaborators mentioned below the role of the thesis candidate was the design
and implementation of the HeLP GDM study. More specifically the thesis candidate recruited
the participants, solely administered the intervention component of the pilot and completed
all anthropometry and dietary data entry.

Currently a primary outcome paper is in the process of manuscript revision for publication.
Although change in study participant’s physical activity was a primary outcome for the HeLP
GDM study, the current thesis pertains only to analyses of the dietary and anthropometric
data. The following members of the collaboration team HvP and BS, as mentioned on page
42 were responsible for the analysis and reporting of the PA outcomes. PA outcomes from
the HeLP GDM study were reported in the aforementioned primary outcome paper.
Subsequently no PA outcome data or discussion surrounding increasing levels of PA and
prevention of T2DM is presented in this thesis.

The following section details the aims and hypotheses of the thesis. The results and
associated discussion contained in chapter three address the primary aim and that of chapter
four address the secondary aim. The remainder of chapter two provides a summary of the
HeLP GDM study.

Aims and hypotheses
Thesis hypotheses

The two central hypotheses tested in this thesis were:

1. dietary change was achieved in the HeLP GDM study
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2. the associated dietary intakes collected from

two dietary assessment methods

provided relatively comparable estimates of macronutrient intake.

From these hypotheses arose two separate research questions:
1. Did the women in the HeLP GDM study achieve dietary targets associated with
T2DM risk reduction?
2. How well did the two measures of dietary intake obtained in the study compare?

Thesis aims
Primary aim

To determine if the intervention group in the HeLP GDM study compared to the control
group significantly decreased their intake of total fat, SFA and energy and increased their
total intake of fibre. It was hypothesised that the intervention group in the HeLP GDM study
would:



decrease total fat intake significantly more than the control group



decrease SFA significantly more than the control group



decrease energy intake significantly more than the control group



increase dietary fibre significantly more than the control group

Secondary aim

To determine the relative validity between a seven day telephone diet history and a three day
estimated food record, the two dietary assessment methods used to obtain dietary data in the
HeLP GDM study. It was hypothesised the seven day telephone diet history and three day
estimated food record would be relatively comparable in estimating energy and macronutrient
intake.

The HeLP GDM study: a summary
The HeLP GDM study was a single blind parallel randomised controlled trial conducted to
evaluate the effectiveness of a targeted intervention to dietary and PA change, in women with
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recent previous GDM. The intervention was designed and implemented within a research
setting at Westmead hospital NSW. The design and implementation was due to a
collaboration between the following individual’s and research units: the endocrinologist
(WC) and clinical trials co-ordinator/dietitian also the thesis candidate at Westmead Hospital,
nutrition researchers at University of Wollongong (LT, JoS, YB) and exercise physiology and
medical and nutrition researchers within the Cluster for Physical Activity and Health (CPAH)
at Sydney University (HvP, AB, MG) and Monash University (BS). The pilot approach was
chosen to determine if the intervention would be feasible to implement on a much greater
scale within the NSW hospital system.

Study setting

Women who were registered as attending the Diabetes in Pregnancy Service at Westmead
Hospital were considered potential participants. The pilot population included all women who
were seen for the medical management of GDM and had given birth within six to 48 months
of the recruitment phase (1 September 2009 to 31 May 2010).

Selection criteria
Inclusion criteria

i) Women who have had GDM and gave birth in the previous 6-48 months
ii) Overweight or obese using culturally specific BMI cutoff for the non-Indian Asian
populations: BMI ≥25.00 kg/m2 for all excluding the non-Indian Asian subgroup (BMI ≥
23.00 kg/m2) [103]
iii) Report an intention to adopt changes in diet or PA according to the Transtheoretical
model (TTM) (ie, individual is in contemplation, preparation, action or maintenance).

Exclusion criteria

i) Diagnosed T1DM or T2DM
ii) Pregnant or planning pregnancy within six months
iii) Unable to or unfit to exercise due to chronic illness
iv) Prescribed medication which may affect glucose or weight control
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v) Precontemplators for both diet and PA as defined by the TTM
vi) Poor written and spoken English proficiency
vii) Failure to complete all the baseline assessments

Pilot phases

The pilot consisted of five stages: pre-screen, baseline assessment, randomisation to the
intervention or control group, intervention period and six month follow up. For a summary of
the phases refer to Figure 1.

Pre - screen

Women who were registered as attending the Diabetes in Pregnancy Service at Westmead
within the last 6-48 months were contacted via a letter to participate. Women registered as
having experienced a GDM pregnancy 48 months from the start of the recruitment phase
were contacted first and those who experienced a GDM pregnancy six months from
recruitment phase were contacted last. Women were called within two weeks of receiving
their invitation to participate.

If the woman expressed interest in the study in order to determine eligibility, she was asked
to self report her weight and height for calculation of BMI. The woman was also asked to
answer the two brief questionnaires based on the TTM to assess her stage of behaviour
change for diet[104] and PA.[105] The TTM conceptualises behaviour change as a
progression through five distinct stages of change. An individual’s readiness to change at a
given moment can be identified within one of the following five stages: precontemplation
(not intending to make changes), contemplation (considering change), preparation (making
small changes), action (actively engaging in new behaviour) and maintenance (sustaining the
change over time).[106]

The woman needed to score at minimum a contemplator in either the diet or physical activity
stage of behaviour change questionnaires to be eligible for enrolment. Questions were asked
to ensure the woman did not meet any of the exclusion criteria. If the woman was eligible, an
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appointment was made to sign the consent form and provide baseline anthropometric
measures. To maximise recruitment numbers home visits were offered for all aspects of the
pilot, to women who reported interest in the study but had difficulties attending the hospital.

Baseline assessment

Eligible participants completed a baseline evaluation. Weight, height, BMI and waist
circumference was recorded. Instructions were given regarding completion of a three day
estimated food record and standard measuring cups and spoons were provided. The seven
day diet history, a previously validated health and lifestyle survey regarding PA habits and
beliefs and attitudes towards PA and diet[107] and self-reported weight were collected via
telephone by MG. Diet history, food record and survey data obtained formed the foundation
for intervention counselling and provided outcome data.

Six month assessment

Women were not asked to attend the hospital for six month follow up to encourage
recruitment into the study and reduce participant burden. Thus waist measurement was not
recorded and weight at six month final assessment was self reported. Women were sent their
three day food record form. The seven day diet history and health and lifestyle survey was
conducted via telephone as per baseline assessment. During data collection MG was blinded
to the participant’s group assignment.
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Identification of potential participants from Westmead
Hospital GDM register
Screening: inclusion criteria/ exclusion criteria

Written Consent and Baseline Assessments
Weight, height, waist, Health and Lifestyle Survey, 7 day
accelerometer, 7 day diet history, 3 day food record

Randomisation

Intervention
Weeks since baseline

Intervention

0
2
4
6
7
8
10
11
14
15
16
18
19
20
22
23
24
26

BASELINE ASSESSMENT
Face-to-face 1
Telephone call 1
Face-to-face 2
SMS 1
Postcard 1
Telephone call 2
SMS 2
Telephone call 3
SMS 3
Postcard 2
Telephone call 4
SMS 4
Postcard 3
Telephone call 5
SMS 5
Postcard 4
FINAL ASSESSMENT

Control

Six months


Health and Lifestyle Survey, 7 day accelerometer, 7 day diet
history, 3 day food record, self reported weight

Figure 1: Plan for implementation of the HeLP GDM study
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Randomisation

The women were assigned to either the six month intervention or a no treatment control
group. Independently prepared randomisation envelopes were opened for each subject after
baseline assessment. Randomisation occurred in blocks of eight with equal numbers of
intervention or control in each group.

The intervention

The intervention component comprised of two face to face counselling sessions, five
telephone follow ups, five individualised mobile text messages and four generic mailed
postcards (see Figure 1). The timing and mode of the HeLP GDM study intervention were
guided by earlier formative studies conducted amongst women after GDM within this Area
Health Service. These earlier studies included a behaviour change program for 25 women
post a GDM pregnancy[14] and a pilot RCT with 43 women post a GDM pregnancy.[108]
The RCT timeline of 2 face-to-face counselling sessions one month apart, and a telephone
session in between, was adapted for use in the HeLP GDM study.

Periodic prompts are defined as messages, reminders or brief feedback communicated to
participants at various intervals.[109] A 2009 review regarding the use and efficacy of
periodic prompts and reminders in dietary and PA health promotion and health behaviour
interventions reported positive findings in 11 of the 19 studies reviewed.[109] Tailoring of
periodic prompts through regular contact with a counsellor was also found to be effective in
six studies. The review concluded the effectiveness of periodic prompts is enhanced if
prompts are frequent, with most studies providing weekly prompts and personal contact with
a counsellor is included.[109] Hence the decision to include a number of SMS texts tailored
to the individual participant and provision of generic postcards relevant to the study
population.

the intervention followed the patient counselling model and a proforma based on this model
was used by the thesis candidate to guide the face to face and telephone calls.[110] The
proforma focused on behavioural goals, self efficacy and barriers to change that in prior
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research has been identified as important among women with prior GDM in the Western
Sydney Area health service.[107] For details of the proforma see appendix A and B.

The counselling sessions involved the use of goal setting and problem solving to attain
dietary goals agreed upon by the participant and the thesis candidate. Goals were set
depending on current dietary patterns while acknowledging the participants stage of change.
Strategies to change dietary intake were negotiated with the primary aim of reducing total fat
and SFA intake and increasing fibre if required, to reduce calorie intake, as most participants
were personally motivated to lose weight.

Problem solving included discussion on potential barriers to achieving goals and possible
action taken to overcome them. Discussion also involved the role of family and friends in
providing support and potential rewards for goals achieved. Dependent on the individual
case, structured meal plans were provided and self-monitoring was encouraged in the form of
recording number of times goal were achieved or recording food intake, for feedback by the
thesis candidate.

Each participant in the intervention received a journal titled “my journey to a healthier me”.
The journal was provided as an aid to assist with the counselling process and its use was not
mandatory. The journal provided a place to record discussion with the thesis candidate
regarding goals and to monitor goal achievement and dietary intake. The journal also
contained practical food information, ideas to assist in achieving dietary fat reduction and
increased fibre intake and a list of websites to refer to. The journal was an unpublished work
of the thesis candidate which was reviewed and approved by the members of the
collaboration team.

Four postcards containing pictures accompanied by generic statements about healthy lifestyle
and T2DM prevention were mailed to the participant’s home. Two of the postcards contained
messages relating to healthy eating. The remaining two were in regards to partaking in
regular PA to meet the PA aims of the HeLP GDM intervention group. These postcards were
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mailed to the participant via Australia post inside an envelope, thereby maintaining the
confidentiality of the participants and postcards. A mobile text message was sent to the
woman one week after the second face to face counselling session and all telephone calls
thereafter. The text was individualised to reflect the previous telephone conversation between
participant and the thesis candidate and contained a reminder or positive reinforcement of
goals set.

Ethics

All aspects of the HeLP GDM study were approved by the Westmead Hospital Human
Research Ethics Committee and written consent to participate was obtained from all
participants. All information and data obtained during the HeLP GDM study is stored in the
diabetes and endocrinology research department at Westmead Hospital for a minimum of 7
years, after which it can be destroyed in a confidential manner.
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CHAPTER THREE - DIETARY CHANGE AFTER GESTATIONAL DIABETES
MELLITUS IN THE HeLP GDM STUDY
Introduction
The results and associated discussion in this chapter pertain to the nutrition data from the
HeLP GDM study as described in Chapter 2. In this study change in intake of total fat, SFA,
fibre and energy from baseline to six months were the outcomes of interest. To assess dietary
change dietary intake was measured using the seven day diet history and the three day
estimated food record. To confirm changes in energy intake, change in self-reported weight
was also determined.

Method
Dietary assessment
Seven day telephone diet history administration

At baseline the seven day diet history was conducted prior to randomisation. The seven day
diet history obtained followed a similar format to a previously validated open ended
interview [80] assessing the individual’s usual intake over the last month. The interview
proceeded according to meals consumed and was divided into breakfast, lunch, dinner,
morning tea, afternoon tea and supper. Each meal was kept as a separate entity so the
participant could focus on their food and drink consumption at that time of the day. Within
each meal, food intake was required to add up to seven days of intake including number of
days where meals may have been missed.

Meal preparation practices were obtained such as fat trimming on meat and or chicken, type
of oil and fats used and type of bread and milk consumed. The interview concluded with a
food frequency checklist to cross check no main food or drink items such as yoghurt or juice
had been missed. Portion sizes were estimated by the participants with the aid of the standard
measuring cups and spoons provided to them at baseline. Palm of the hand, fist size or take
away containers were additionally used to elicit portion sizes for items such as meat, fish,
potato, certain fruits and take away meals. All information was recorded on an interview
proforma provided in appendix C .
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Three day estimated food record

To complete the three day food record, in addition to standard measuring cups and spoons,
participants were given a generic form which requested the following information: meal type,
time food was consumed, food type with as much detail as possible, amounts consumed,
cooking method and location where food was cooked. Participants were asked to provide a
record for two weekdays and one weekend day. Emphasis was placed on recording all meals,
snacks, nibbling, and beverages including water and any alcohol. Including brand names was
encouraged. The food record was returned via a reply paid envelope or in some instances
faxed or scanned and emailed back. For a copy of the food record form see appendix D.

Anthropometry
Body weight

Body weight was measured using digital scales (SoehnlePersonenwaage jumbo, Art-Nr
62513) with participants barefoot and wearing minimal clothing. Weight was recorded to the
nearest 0.1 kg. Weight at baseline was self-reported during the telephone health survey within
approximately three weeks after measured weight was obtained. At six months self-reported
weight obtained via the same health survey, was the only available measure of body weight.

Height

Height was measured using a free standing stadiometer to the nearest 0.5 cm. Participants
were barefoot and stood facing away from the stadiometer with heels at the rod of the
stadiometer. The participant was asked to look straight ahead and the measurement was taken
in line with the top of the head using the stadiometer’s attached indicator.

BMI

BMI is a commonly applied clinical measure to estimate body fat in individuals [111] and is
calculated using the equation BMI = body weight (kg)/ height 2 (m). Overweight is defined as
a BMI of ≥25.00-29.99 kg/m2 and obesity defined as BMI ≥30.00 kg/m2 [33]
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Waist circumference

Waist circumference in cm was taken only at baseline to describe the study sample. The
measurement was taken on bare skin. The waist was defined as the midpoint between the
lower border of the ribcage and the iliac crest. If excess body fat made the two points difficult
to find, the measurement was taken at the umbilicus. One measurement was obtained.

Data entry
Dietary assessment

To minimise researcher bias during data entry, food record and diet history hard copy data for
each participant were recoded with a new study number. The recode was completed by an
independent party. The thesis candidate completed all baseline and six month data entry.
Once data entry was completed, recoded data were matched against the original study number
to ensure no error occurred during the recode.

Food record and diet history information was entered into the nutrient analysis program,
FoodWorks Professional (version 6, 2009: Xyris Software, Pty Ltd, Queensland, Australia).
The Food Standards Australia New Zealand (Canberra) AUSNUT 2007 food, nutrient and
supplement database within the Foodworks software was utilised for all analyses. Foods were
entered individually according to the meal in which they were consumed. If a food was not
available in the database, the approximate macronutrient profile of the food was searched on
Calorie King using the Australian version of the website found at the following link
http://www.calorieking.com.au/.[112] By using the recipe option, a profile of the food was
created which reflected the available information of the food’s energy, total fat, SFA and
fibre content. The profile was then used for all subsequent entries where the particular food
was mentioned. In the literature this method has not been validated as a method of
assumption work. This assumption method was chosen based on personal discussion with
MG as it was part of the protocol for data entry of information collected for the Sydney
Diabetes Prevention Program.[113]

If a food’s nutrient profile was not available then the most appropriate substitution in the
database was chosen arbitrarily depending on the available information provided. For cultural
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meals in which no database substitution was deemed appropriate and no recipe was given, the
following steps were taken in order to make a suitable assumption: At least three Internet
recipes if at all available of the meal in question were sourced to determine a common pattern
of ingredients. A recipe was then chosen which arbitrarily was considered to include the
common ingredients in measurements that were easily transferable to the FoodWorks
software. The recipe assumption was then used for all further entries where the meal was
named but no recipe was provided.

If portion size was missing depending on the available information, portion size was searched
on Calorie King or if the product or its manufacturer had its own website. If no helpful
information was given the unspecified serve option in the FoodWorks database was chosen.
If the portion provided by the participant did not match serve sizes available in the
FoodWorks the following steps were taken: in FoodWorks a similar food which offered the
portion size listed by the participant was searched. The equivalent weight in grams of the
portion size was then determined and applied to the original food in question. This method
was applied as the gram option was always available in FoodWorks.

All substitutions, assumptions regarding portion size and created food profiles were recorded
for the purpose of maintaining consistency of data entry. After initial data entry was
completed all entries were rechecked for errors and to confirm data entry consistency by the
thesis candidate. Data were then transferred to an SPSS statistical software database.

Anthropometry

Weight, height and waist circumference data were recorded on the participant’s information
sheet and later transferred to a spread sheet. The spread sheet once checked for data entry
error was exported alongside the dietary data into the same SPSS database for statistical
analysis.
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Statistical analysis

Statistical analyses were performed using SPSS (version 19.0; SPSS Chicago IL, USA). An
alpha error of p<0.05 was used to determine statistical significance for all analyses.
Significant differences in baseline demographic information was assessed using independent t
tests for continuous variables and the fishers exact test due to small sample size for
categorical variables. Additionally the baseline characteristics of those who enrolled in the
study and those who remained in the study are provided for visual comparison. However no
formal testing for differences between participants who dropped out and those who remained
in the study was conducted due to the small numbers in each group who dropped out. For
detail on the number and reason for drop out of the study refer to Figure 2.

Results pertaining to the primary aim of the thesis are presented both as intention to treat and
completers analyses. With the intention to treat analysis, if the six month measurement was
not available, the participant’s baseline value was assumed to be unchanged and carried
forward. The completers analysis included only the data of participants who provided six
month data. Thus sample size varies between completers analysis of diet history and food
record data as less food records were completed at six months.

The primary outcomes of this study were changes in intake of total fat, SFA, fibre and
energy. Baseline mean macronutrient intakes between groups were compared using the
independent sample t-test. Mean group differences at six months for total fat, SFA and fibre
and energy were tested for significance using a linear regression model, which adjusted for
the baseline macronutrient value.

To determine the face validity of the dietary data, change in body weight was assessed at six
months. In order to determine whether SRW could substitute for MW at six months, the
relative validity of SRW compared with MW at baseline was assessed using paired samples ttest, the Pearson’s correlation coefficient and the Bland Altman scatterplot. One participant
from the intervention group was unable to provide her SRW at baseline and six months thus
in the intervention group n = 28 at baseline and n=23 at six months. There was no significant
difference in mean bias between SRW and MW and the two measurements were highly
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correlated (Table 1). There was also no linear relationship between bias and mean weight
(Table 1). Therefore SRW was used for all weight and BMI analyses.

The Fishers exact test was performed to test for significant group differences at baseline in
the proportion of participants meeting dietary targets for %E from total fat and SFA and
intake of fibre based on kilojoule intake. The defined targets in this analysis reflect ADA
recommendations and targets previously achieved in large T2DM prevention trials.[7, 9] The
dietary targets were: intake 15g of fibre per consumption of 4200kJ, consumption of ≤30% of
total energy from total fat intake and ≤10% of energy intake from SFA. Odds Ratios (OR)
with 95% CI were calculated using binary logistic regression to detect significant group
differences in the proportion of participants meeting each dietary target at six months. For
each variable, the baseline proportion of participants meeting the dietary recommendation
was entered as a covariate.

Table 1: Relative validity between self reported weight and measured weight at baseline

Weight

SRW

MW

Paired t R value

Biasmean

Mean

Mean

test P

(p)

(SD)

(SD)

(SD)

78.5

78.9

0.18

0.99 (.00)

-0.42

(kg)

*R2 (p)

0.00 (.86)

(2.3)

Results
Data from the 59 women who completed the baseline assessments and were randomised to
one of the two groups in the HeLP GDM study were used. Information on recruitment,
retention and completion is given in Figure 2. The mean age of control and intervention
participants was 35.1 and 35.7 years, respectively. Participants in both groups had a mean of
two children. Participants were predominantly well educated, with 63% in the control group
and 55% in the intervention group reporting a university education. Additionally, 47% and
52% of participants in the control and intervention group respectively were in paid
employment. The sample was predominantly multi-cultural, with 67% and 72% in the
intervention and control group respectively naming a country other than Australia as their
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country of birth. Apart from a significant difference in the number of hours in paid
employment between the groups for the women in paid employment, no other significant
differences in baseline characteristics were found. These baseline results are shown in Table 2

The mean baseline BMI (31.6 kg/m2) of the women in the intervention group was within the
obese range while in the control group the mean BMI (29.4 kg/m2) was still within the
overweight range (Table 3). The difference was not however, significant. The stage of change
questionnaires identified the majority of participants in both groups were currently in the
preparation stage of change for diet [43% and 41% respectively (Table 4)

Intention to treat and completers analyses showed the mean energy and macronutrient intake
between the groups at baseline were not significantly different for both diet history and food
record data (Table 5, Table 6, Table 7, Table 8) Decreases in continuous measures of energy
and all macronutrient intakes occurred in both the intervention and control group.
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Assessed for eligibility
Potential participants (n=995)

Withdrew prior to
randomisation (n=6)

Agreed to participate
(n=73)

Did not return information
promptly post consent
(n=7)
Randomised

Lost to follow up post
consent (n=1)

(n=59)

Control

Intervention

(n=30)

n = 29

Withdrew (n=7) due to:

Withdrew: (n=5) due to:

Prediabetes (n=1)

Pregnancy (n=2)

T2DM (n=1)

Family concerns (n=1)

relocation (n=1)

Extended travel overseas
(n=1)

Overseas at time of 6m data
collection (n=1)

Unwilling to provide 6m
data (n=1)

Unwilling to provide 6m data
(n=3)

Analysis at six months:

Analysis at six months:

Intention to treat: n=30

Intention to treat n=29

Completers:

Completers:

Diet History: n=23

Diet History: n=24

Food Record: n= 19

Food Record: n= 19

Figure 2: Eligibility, recruitment, retention and completion of the HeLP GDM study with shaded cells
showing the dietary sub-study of this thesis
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Table 2: Baseline demographic data of participants at enrolment and those remaining in the trial at six months

Enrolled participants

Remaining participants

Control

Intervention

n = 30

n = 29

P

Control

Interventio

n= 23

n
n=24

Age*

35.1 (4.2)

35.7 (4.7)

0.64

35.2 (4.6)

36.2 (4.8)

Children*

2.3 (1.2)

1.9 (0.9)

0.23

2.3 (1.3)

1.9 (0.7)

GDM

1.3 (0.6)

1.3 (0.5)

0.68

1.3 (0.6)

1.3 (0.5)

2 (6.7)

5 (17.2)

2 (8.7)

4 (16.7)

all 6 (20)

7 (24.1)

2 (8.7)

7 (29.2)

1 (3.4)

2 (8.7)

1(4.2)

pregnancies*
Education 1
Some high school
Completed

high school years
Trade/technical

3 (10)

certificate/
diploma
University

0.47
19 (63.3)

16 (55.2)

17 (73.9)

12 (50)

No

16 (53.3)

14 (48.3)

10 (43.5)

11 (45.8)

Yes

14 (46.7)

15 (51.7)

0.80

13 (56.5)

13 (54.2)

paid work (hours)

37.9 (9.0)

29.1 (11.4)

0.03

38.8 (8.6)

29.5 (11.0)

Australian

10 (33.3)

8 (27.6)

8 (34.8)

7 (29.2)

Non Australian

20 (67.3)

21 (72.4)

15 (65.2)

17 (70.8)

15 (75)

15 (71.4)

11 (73.3)

12 (70.6)

5 (25)

6 (28.6)

4 (26.7)

5 (29.4)

Paid work

COB

0.78

Non Australian
born:
Asia (including
middle east)
Other^

1.00

*mean (SD)
1
highest level attained
COB: Country of Birth
^Values are shown as n (%), *Europe, Africa, South America, America, Canada, New Zealand &
Pacific Islands
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Table 3: Baseline anthropometry: all participants and remaining participants at six months

Enrolled participants

BMI

Control

Intervention

n = 30

n = 29

29.4 (5.2)

31.6 (5.3)*

75.0 (15.2)

94.8 (11.3)

Remaining participants
P

Control

Intervention

n= 23

n= 24

0.11

29.3 (5.0)

31.8 (5.6)^

82.2 (16.8)*

0.09

74.6 (13.9)

83.7 (17.9)^

99.1 (11.2)

0.14

93.7 (11.2)

100.3 (11.5)

2

(kg/m )
Weight
(kg)
Waist (cm)

Values are mean (SD), *n = 28, ^n=23

Table 4: Baseline assessment of the dietary stages of change: all participants and remaining participants at six months

Enrolled participants
Control

Intervention

n = 30
Contemplation

Remaining participants
P

Control

Intervention

n = 29

n= 23

n= 24

11 (36.7)

7 (24.1)

8 (34.8)

6 (25)

Preparation

13 (43.3)

12 (41.4)

10 (43.5)

9 (37.5)

Action

5 (16.7)

7 (24.1)

4 (17.4)

6 (25)

Maintenance

1 (3.3)

3 (10.3)

1 (4.3)

3 (12.5)

0.54

Values are n (%)
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Table 5: Assessment of macronutrient intake via the seven day diet history by experimental group at baseline and six months: intention to treat

Baseline, mean (SD)

Control
(n = 30)

Intervention

6 month follow up, mean (SD)

P*

(n= 29)

Control

Intervention

(n = 30)

(n= 29)

Linear regression analysis

Adjusted

mean P

1

change

(95% CI)
Energy (kJ)

8631 (2840)

7778 (2625)

0.24

7840 (2782)

6088 (1814)

-1251 (-2169, -332)

0.01

Protein (g)

92.6 (26.7)

85.1 (26.6)

0.29

88.6 (27.8)

77.3 (25.2)

-5.6 (-14.8, 3.5)

0.22

Total fat (g)

74.8 (41.9)

62.8 (27.5)

0.20

66.8 (37.7)

43.2 (18.4)

-16.8 (-28.5, -5.0)

0.01

SFA (g)

26.9 (17.7)

22.3 (12.7)

0.26

23.6 (17.3)

13.7 (7.2)

-7.2 (-12.2, -2.1)

0.01

CHO (g)

242.1 (100.4)

223.5 (93.8)

0.47

217.6 (101.4)

174.9 (57.8)

-31.3 (-61.7, -0.8)

0.04

Alcohol (g)

0.9 (2.2)

1.5 (6.5)

0.65

0.8 (1.6)

1.0 (3.7)

-0.3 (0.1, 0.4)

0.00

Fibre (g)

25.5 (10.4)

24.8 (8.4)

0.78

23.6 (8.2)

25.2 (7.9)

2.1 (-1.1, 5.2)

0.20

Fat

31.1 (8.8)

29.4 (6.9)

0.42

30.8 (8.2)

25.5 (6.7)

-4.4 (-7.8, -1.0)

0.01

Protein

19.2(4.9)

19.3 (5.8)

0.91

20.2 (5.9)

22.0 (5.4)

1.6 (-0.6, 3.9)

0.15

CHO

46.1 (10.5)

47.2 (8.9)

0.67

45.3 (10.1)

47.6 (7.1)

1.6 (-1.4, 4.6)

0.30

Other^

3.6 (1.6)

4.0 (2.9)

0.49

3.6 (1.1)

4.8 (1.9)

1.1 (0.3, 1.8)

0.01

SFA

10.9 (4.2)

10.3 (3.5)

0.55

10.5 (4.3)

8.0 (3.1)

-2.1 (-3.7, -0.5)

0.01

%E from:

*independent t-test, 1mean change in the intervention compared to control group, adjusted for baseline levels of outcome, CI: Confidence Interval
SFA: Saturated fatty acid, CHO: Carbohydrate, ^ Percentage of total energy from alcohol, fibre and other combined
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Table 6 Assessment of macronutrient intake via the seven day diet history by experimental group at baseline and six months: completers

Baseline, mean (SD)

Control

Intervention

(n = 23)

(n= 24)

6 month follow up, mean (SD)

P*

Linear regression analysis

Control

Intervention

Adjusted

(n = 23)

(n= 24)

change1

mean p

(95% CI)
Energy (kJ)

8124 (2434)

8090 (2702)

0.96

7092 (2035)

6048 (1869)

-1030 (-1996, -63)

0.04

Protein (g)

92.0 (23.6)

87.6 (27.5)

0.56

86.8 (24.9)

78.1 (26.4)

-5.6 (-16.8, 5.5)

0.32

Total fat (g)

70.2 (36.5)

68.2 (26.6)

0.83

59.7 (27.7)

44.5 (18.9)

-14.5 (-26.9, -2.2)

0.02

SFA (g)

23.8 (13.8)

24.4 (12.8)

0.87

19.6 (11.7)

14.0 (7.7)

-5.8 (-10.9, -0.6)

0.03

CHO (g)

223.4 (74.6)

227.2 (99.4)

0.89

191.5 (65.8)

168.5 (55.3)

-24.5 (-54.6, 5.6)

0.11

Alcohol (g)

0.9 (2.0)

1.7 (7.1)

0.57

0.7 (1.1)

1.2 (4.0)

0.2 (-1.4, 1.9)

0.78

Fibre (g)

24.6 (10.2)

25.6 (8.7)

0.73

22.1 (6.7)

26.1 (8.1)

3.6 (-0.1, 7.3)

0.06

Fat

31.0 (8.2)

31.1 (6.0)

0.96

30.6 (7.2)

26.4 (6.7)

-4.2 (-8.2,-0.2)

0.04

Protein

20.0 (4.6)

19.1 (5.8)

0.55

21.4 (5.6)

22.3 (5.4)

1.4 (-1.3, 4.1)

0.29

CHO

45.3 (8.9)

45.7 (8.7)

0.87

44.2 (8.3)

46.2 (6.6)

1.8 (-1.7, 5.3)

0.32

Other^

3.7 (1.8)

4.1 (3.2)

0.61

3.8 (1.2)

5.1 (1.9)

1.2 (0.3, 2.1)

0.01

SFA

10.5 (3.6)

11.0 (3.4)

0.58

9.9 (3.6)

8.2 (3.3)

-1.9 (-3.7, 0.0)

0.05

%E from:

*independent t-test, 1mean change in the intervention compared to control group, adjusted for baseline levels of outcome, CI: Confidence Interval
SFA: Saturated fatty acid, CHO: Carbohydrate
^ Percentage of total energy from alcohol, fibre and other combined
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Table 7: Assessment of macronutrient intake via the three day food record by experimental group at baseline and six months: intention to treat

Baseline, mean (SD)

Control
(n = 30)

Intervention

6 month follow up, mean (SD)

P*

(n= 29)

Control
(n = 30)

Intervention
(n= 29)

Linear regression analysis

Adjusted

mean p

1

change

(95% CI)
Energy (kJ)

8032 (2079)

8427 (2663)

0.53

8005 (2187)

7462 (2865)

-849 (-1774, 76)

0.07

Protein (g)

84.7 (24.0)

91.8 (26.4)

0.29

86.7 (26.2)

90.0 (41.1)

-2.4 (-17.1, 12.3)

0.74

Total fat (g)

70.9 (26.5)

73.8 (28.4)

0.69

86.7 (26.2)

60.7 (25.0)

-11.5 (-23.2, 0.2)

0.05

SFA (g)

26.8 (12.3)

25.2 (11.7)

0.60

25.8 (12.2)

20.1 (9.5)

-4.7 (-9.0, -0.4)

0.03

CHO (g)

223.0 (68.9)

231.2 (96.7)

0.71

221.8 (66.8)

205.1 (95.2)

-22.8 (-50.9, 5.3)

0.11

Alcohol (g)

1.8 (7.4)

1.6 (5.5)

0.89

0.7 (1.9)

0.8 (3.3)

0.1 (-1.1, 1.3)

0.87

Fibre (g)

22.8 (8.8)

26.3 (11.2)

0.19

23.9 (9.0)

27.5 (12.8)

0.8 (-3.3, 4.9)

0.70

Fat

32.3 (8.1)

32.2 (6.2)

0.96

31.6 (7.2)

30.0 (6.0)

-1.5 (-4.7, 1.6)

0.32

Protein

18.2 (3.8)

19.3 (5.4)

0.39

19.0 (5.4)

20.8 (5.7)

1.1 (-1.4, 3.6)

0.37

CHO

45.9 (8.9)

44.7 (8.4)

0.59

46.0 (8.6)

44.9 (6.1)

-0.3 (-2.8, 2.1)

0.79

Other^

3.5 (2.3)

3.8 (2.4)

0.64

3.4 (1.2)

4.3 (2.2)

0.8 (0.0, 1.6)

0.04

SFA

12.2 (4.5)

11.0 (3.6)

0.27

11.6 (3.6)

10.0 (3.2)

-1.0 (-2.5, 0.5)

0.19

%E from:

*independent t-test, 1mean change in the intervention compared to control group, adjusted for baseline levels of outcome, CI: Confidence Interval
SFA: Saturated fatty acid, CHO: Carbohydrate
^ Percentage of total energy from alcohol, fibre and other combined
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Table 8: Assessment of macronutrient intake via the three day food record by experimental group at baseline and six months: completers

Baseline, mean (SD)

Control

Intervention

(n = 19)

(n= 19)

6 month follow up, mean (SD)

P*

Linear regression analysis

Control

Intervention

Adjusted

(n = 19)

(n=19)

change1

mean p

(95% CI)
Energy (kJ)

8300 (2093)

8240 (2400)

0.94

8257 (2268)

6766 (2475)

-1456 (-2791, -122)

0.03

Protein (g)

90.6 (23.1)

89.3 (26.2)

0.87

93.7 (25.9)

86.6 (47.1)

-6.3 (-29.2, 16.6)

0.58

Total fat (g)

75.6 (24.4)

73.3 (30.1)

0.80

74.8 (30.7)

53.2 (21.2)

-20.8 (-37.1, -4.5)

0.01

SFA (g)

28.4 (11.8)

25.1 (12.3)

0.40

26.8 (11.8)

17.3 (7.5)

-8.2 (-14.0, -2.3)

0.01

CHO (g)

222.4 (70.5)

221.9 (80.1)

0.98

220.4 (67.0)

182.0 (67.8)

-38.2 (-76.6, 0.3)

0.05

Alcohol (g)

2.4 (9.2)

2.4 (6.7)

1.00

0.7 (2.0)

1.2 (4.0)

0.5 (-1.3, 2.4)

0.58

Fibre (g)

22.1 (8.6)

27.3 (11.2)

0.12

23.8 (9.1)

29.1 (13.5)

1.8 (-4.7, 8.3)

0.58

Fat

33.8 (7.7)

32.2 (6.5)

0.49

32.7 (6.3)

28.9 (5.8)

-3.7 (-7.8, 0.4)

0.07

Protein

18.9 (3.6)

19.0 (5.4)

0.92

20.2 (5.9)

21.4 (5.9)

1.2 (-2.5, 4.9)

0.52

CHO

43.7 (7.4)

44.4 (9.3)

0.81

43.9 (7.0)

44.7 (5.9)

0.5 (-3.0, 3.9)

0.78

Other^

3.5 (2.8)

4.3 (2.8)

0.39

3.3 (1.3)

5.1 (2.4)

1.5 (0.4, 2.6)

0.01

SFA

12.7 (4.7)

10.9 (3.1)

0.19

11.7 (3.3)

9.4 (2.0)

-2.0 (-3.9, -0.2)

0.03

%E from:

*independent t-test, 1mean change in the intervention compared to control group, adjusted for baseline levels of outcome, CI: Confidence Interval
SFA: Saturated fatty acid, CHO: Carbohydrate
^ Percentage of total energy from alcohol, fibre and other combined
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Intention to treat analysis of diet history data showed in the intervention compared with the control
there was a greater reduction in intake of: energy (-1251kJ, p= 0.01), total fat (-16.8g, p= 0.01), SFA (7.2g, p= 0.01) and intake of %E from total fat (-4.4%, p=0.01) and SFA (-2.1%, p=0.01) at six months
(Table 5). A greater reduction in carbohydrate and alcohol intake at six months also occurred in the
intervention group (-31.3g, p= 0.04 and -0.3g, p=0.00, respectively). Decreases in carbohydrate and
alcohol however were not primary outcomes of interest. Completers analysis of diet history data
demonstrated a similar trend to the former intention to treat analysis (Table 6). In the intervention
group significantly greater intake of fibre and a reduction in %E from SFA approached
significance(3.6g, p =0.06 and -1.9g, p =0.05 respectively) at six months with no significant reduction
in CHO or alcohol.

Intention to treat analysis of food record data showed there was only a greater reduction in the
intervention group in SFA intake (-4.7g, p=0.03) at six months (Table 7). Greater reduction of total
energy (-849kJ, p=0.07) and total fat (-11.5g, p=0.05) intake in the intervention group at six months
however approached significance. Completers analysis of food record data showed similar results to
those of the diet history intention to treat analysis. There were greater reductions in the
intervention group compared with the control group at six months in energy (-1456kJ, p=0.03), total
fat (-20.8g, p=0.01) and SFA (-8.2g, p=0.01) and in the %E from SFA (-2.0%, p=0.03) (Table 8). Greater
reduction in %E from total fat in the intervention group at six months approached significance (-3.7g,
p =0.07) (table 8).

Reduction in energy intake was confirmed by changes in body weight. Both the intention to treat
and completers analyses showed participants in the intervention lost a small but significant amount
of weight at six months [(-2.4kg p=0.03 and -2.8kg p=0.04, respectively)] (Table 9). The proportion of
participants who achieved the study goal of an energy intake derived from total fat of ≤30% at six
months was greater in the intervention group in both analyses of diet history data (Table 10, Table
11). Intention to treat and completers analysis of diet history data and the food record completers
analysis demonstrated participants in the intervention group were more likely than the controls to
achieve the dietary fibre target at six months (Table 10, Table 11).
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Table 9 Assessment of weight and body mass index by experimental design at baseline and six months: intention to treat and completers

Baseline, mean (SD)

6 month follow up, mean (SD)

Linear regression
analysis

Control

Intervention

P^

Control

Intervention

Adjusted

mean p

1

change (95% CI)
Weight (kg)
Intention to treat

75.0 (15.2)

82.2 (16.8)*

0.09

75.0 (14.6)

79.2 (15.4)*

-2.4 (-4.5, -0.3)

0.03

completers

74.6 (13.9)

83.7 (17.9)*

0.06

74.7 (13.0)

80.1 (16.6)**

-2.8 (-5.4, -0.2)

0.04

Intention to treat

29.4 (5.2)

31.6 (5.3)*

0.11

29.4 (5.1)

30.4 (4.8)*

-1.0 (-1.8, -0.2)

0.02

completers

29.3 (5.0)

31.8 (5.6)*

0.11

29.3 (4.8)

30.4 (5.1)**

-1.1 (-2.1, -0.2)

0.02

BMI (kg/m2)
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Table 10: Odds ratios for meeting dietary targets assessed by the seven day diet history and three day food record by experimental group at baseline and six months: intention to treat

Dietary target

Baseline, n(%)

6 month follow up, n(%)

Control

Intervention

n=30

n=29

diet history *

14 (46.7)

14 (48.3)

food record^

11 (36.7)

diet history*
food record^

P*

Control

Intervention

n=30

n=29

1.00

13 (43.3)

13 (44.8)

0.60

14 (46.7)

14 (48.3)

13 (43.3)

diet history*
food record^

Logistic Regression
Odds Ratio (95% CI)

P

23 (79.3)

9.2 (2.1, 41.3)

0.00

12 (40)

16 (55.2)

1.8 (0.6, 5.4)

0.32

1.00

18 (60.0)

23 (79.3)

2.8 (0.8, 9.7)

0.10

16 (55.2)

0.44

14 (46.7)

19 (65.5)

2.0 (0.6, 6.5)

0.24

10 (33.3)

11(37.9)

0.79

9 (30.0)

20 (69.0)

8.5 (2.0, 35.4)

0.00

7 (23.3)

10 (34.5)

0.40

8 (26.7)

15 (51.7)

3.7 (0.8, 16.0)

0.09

%E from total fat ≤30

%E from SFA fat ≤10

Dietary fibre 15g per
4200kJ

*Fishers Exact test
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Table 11: Odds ratios for meeting dietary targets assessed by the seven day diet history and three day food record by experimental group at baseline and six months: completers

Dietary target

Baseline, n(%)

6 month follow up, n(%)

Logistic Regression

Control

Intervention

P#

Control

Intervention

Odds Ratio (95% CI)

P

diet history *

11 (47.8)

9 (37.5)

0.56

10 (43.5)

18 (75.0)

6.9 (1.5, 31.3)

0.01

food record^

7 (36.8)

9 (47.4)

0.74

8 (42.1)

12 (63.2)

2.3 (0.6, 8.6)

0.21

diet history*

11 (47.8)

9 (37.5)

0.56

15 (65.2)

18 (75.0)

1.8 (0.5, 6.6)

0.38

food record^

8 (42.1)

9 (47.4)

1.00

9 (47.4)

12 (63.2)

1.9 (0.5, 7.0)

0.35

diet history*

8 (34.8)

8 (33.3)

1.0

7 (30.4)

17 (70.8)

8.2 (1.9, 35.8)

0.01

food record^

3 (15.8)

9 (47.4)

0.08

4 (21.1)

14 (73.7)

8.2 (1.6, 41.9)

0.01

%E from total fat ≤30

%E from SFA fat ≤10

Dietary

fibre

15g

per

4200kJ

#Fishers Exact Test
*: control n=23, intervention 24,
^: control n =19, intervention n= 19
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Discussion
The HeLP GDM study demonstrated positive dietary change associated with reduction of
T2DM risk was achieved in a sample of women with prior GDM. Reduction in energy, total
fat and SFA were evident regardless of dietary assessment method, though with some
differences apparent. The differences seen, however, may have been caused by the statistical
treatment of data, rather than a discrepancy between dietary assessments of actual dietary
change.

The method of choice for the intention to treat analysis was baseline value carried forward.
The intention to treat method assumes over the intervention period there was no change in the
outcome of interest. Such an assumption has the potential to underestimate the intervention
effect and it appears this may be the case with the current food record analysis.

In the food record completers analysis significantly greater reduction in energy and total fat
in the intervention group occurred. However, with one third of the number of food records
assuming no change at six months, these results instead approached significance or were no
longer significant in the corresponding intention to treat analysis. Additionally the power
calculations for the HeLP GDM study were based on an earlier pilot examining a physical
activity intervention and not based on expected dietary change. Thus it seems the food record
analysis became underpowered. A larger sample size of participants randomised may have
thus clarified the discrepancy.

Consumption of ≤30 of %E from total fat as previously mentioned, has been recommended
by the ADA.[38] Furthermore, consumption of ≤10%E from SFA has been previously tested
as an appropriate dietary fat intake target for the prevention of T2DM in at risk
individuals.[9] In this thesis only the diet history analyses showed intervention participants
were more likely than controls to achieve an intake of ≤30 of %E from total fat. Such data
indicates change in total dietary fat intake to recommended levels is achievable however lack
of significant results from the food record data indicates further substantiation is needed.
Despite the greater absolute reduction in SFA achieved in the intervention group,
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dichotomising the data to determine success in achieving dietary targets decreased the power
to show a significant difference in meeting the SFA target.

There was only limited impact of the intervention on increased dietary fibre intake with nonsignificant differences in absolute intake of dietary fibre intake between the intervention and
control. However, there were a greater proportion of participants in the intervention at six
months who consumed a fibre intake of 15g per 4200kJ compared with the control group.
These results indicate a greater proportion of individuals in the intervention than those in the
control, managed to maintain an adequate level of fibre intake in the face of the energy intake
reduction that occurred in both groups.

The HeLP GDM study was not specifically a weight loss intervention but an intervention
aimed at dietary change of fat, fibre and energy intake. However that said, the greater
reduction in energy intake reported by the intervention group was confirmed by the small but
significant consistent reduction in body weight and BMI. Although the mean reduction of
2.4kg falls short of the clinically defined beneficial 5-10% loss of body weight,[114-116]
DPP data demonstrated a relative risk reduction of T2DM of 16% per kilogram of weight
lost, after adjustment for exercise and diet composition.[51] Furthermore it is encouraging to
note that the weight lost as a result of the dietary change intervention is comparable to the
amount of weight lost reported in a Cochrane review of long-term non-pharmacological
weight loss interventions for adults with pre-diabetes (-2.8kg 95% CI -1.0 to -4.7).[117]

Previous large scale interventions in individuals at high risk of diabetes have shown diabetes
is preventable. [6-9] Due to repeated calls in the literature for development of interventions to
reduce T2DM risk in women with prior GDM it appears that a number of studies of varying
size including the HeLP GDM study were concurrently conducted.[18-20]. However the pool
of available literature

is still small. Given the average baseline BMI in all studies at

minimum has been within the overweight range, a comparison of the dietary outcome across
studies is possible albeit limited, given dietary change is often secondary to change in T2DM
incidence or weight.
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The dietary change particularly for total fat reported in this thesis is comparable to two other
studies.[18, 20] One of the studies was also an Australian pilot RCT although conducted in a
rural setting with a smaller (n = 38) sample size.[18] The intervention of this rural study was
comprised of six months of telephone counselling administered by two diabetes educators
trained in motivational interviewing. Counselling centred around the Australian guidelines to
health eating and national recommendations for PA. The intervention involved five weekly
phone calls and subsequently one call a month for the remaining 6 months. A similar
reduction in total fat was reported ( -19 g/d; 95%CI: -37 to -1) with a slightly greater
reduction in BMI (-1.5kg/m2, 95%CI: -2.8, -0.1) and weight (-4.0kg, 95%CI: -7.6, -0.5)
occurring in the rural study.

The second study a 2011 American lifestyle intervention involving 197 women with a GDM
pregnancy, demonstrated reduction in intake of total fat and changes in weight are sustained
postpartum, when intervention is commenced shortly after GDM diagnosis.[20] The
intervention run predominantly by dietitians via telephone was modelled on the DPP
curriculum previously mentioned in section. The primary aim was for the women to achieve
their pregravid weight, or to lose 5% of body weight if overweight, with the secondary aim to
consume 25%E or less from fat per day and to increase PA. When compared with the results
of this thesis, a slightly lower but significant decrease in %E from total fat (-3.55) at seven
months postpartum was also achieved.[20]The difference in the greater absolute proportion of
intervention participants achieving their weight goal however failed to reach significance
(16.1%, p= 0.07) with absolute reductions in weight not reported.

The study's weight data was also stratified according to whether women exceeded gestational
weight gain (GWG) guidelines. The proportion of women who did not exceed GWG who
reached their weight goal at 12 month postpartum in the intervention was significantly greater
than those who did not exceed the GWG in the control group (22.5% p = 0.04). A strong
positive association exists between increased GWG and postpartum weight retention.[119]
Consequently these results suggest that targeting dietary behaviour and weight management
during the GDM pregnancy rather than at postpartum, may increase the effectiveness of a
postpartum T2DM risk reduction intervention, by preventing excessive GWG.[20]
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Not all studies of postpartum women with prior GDM have shown improvement in dietary
behaviour or subsequent reduction in T2DM incidence after a dietary intervention.[17] In an
Australian RCT of 200 women with prior GDM who were also diagnosed with IGT, the
women were contacted by a dietitian for a dietary review three monthly for a median of 51
months. The trial reported no difference between intervention and control in T2DM
prevalence and BMI increased in both groups. The absolute values for macronutrient intake
were not reported.

Diet scores for fat and fibre in the published paper are mentioned with no information on the
validity or background on how the scores were determined. Nevertheless there were
comparable non-significant improvement in fat and fibre scores in both intervention and
control at final assessment. Very limited information is provided regarding the content of the
intervention and by the author’s own admission the intervention may not have been
sufficiently intensive to have resulted in a reduction of T2DM prevalence.

A more definitive study of lifestyle intervention involving dietary change is currently in
progress in China. The two year RCT titled Tianjin Gestational Diabetes Mellitus Prevention
Program (TGDMPP) which recruited between 2005 to 2009 has enrolled 1180 postpartum
women with prior GDM.[19] The study will assess whether an individually designed diet and
exercise program can prevent or delay the onset of T2DM in these women, with the primary
outcome of the trial development of T2DM. The dietary fat targets of TGDMPP are identical
to those within this thesis. However, in TGDMPP adequate dietary fibre intake is defined as a
range between 20-30g.

The intervention component of the TGDMPP trial promotes an overall healthy eating pattern
similar to that of the HeLP GDM study. The intervention involves multiple face to face
individual counselling with additional telephone calls with a dietitian. Dietary intake is
monitored over the first year five times via 3 day food records with corresponding feedback
provided. The TGDMPP interim one year data report demonstrated in the subgroup of
overweight women there was a comparable amount of weight lost in their intervention group,
when compared with the weight loss reported in this thesis.
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Baseline %E from total fat in the TGDMPP was comparable to the intakes recorded in this
thesis. However, at baseline fibre intake per 4200kJ in TGDMPP was approximately six
grams in both the intervention and control group, which is as low as half the baseline dietary
intake of participants in the HeLP GDM study. In this thesis SFA intake was reported be to
between 11-13% compared with in TGDMPP where it was approximately 8%.

Traditional Chinese food patterns focus on vegetables, fruits, small quantities of meat, and
either rice or wheat products with few if any dairy products. This traditional pattern provides
less SFA, than the typical Western dietary pattern.[120] The comparison of baseline intakes
of fat and fibre between this study and the current thesis suggest required changes to the
woman's diet to reduce T2DM may be linked to culture and emphasis on areas of required
change may differ accordingly.

In summary dietary and weight changes in women with prior GDM have been reported in a
number of research settings, with varying levels of intervention intensity at differing time
points after diagnosis of GDM and across a number of ethnicities.[18-20] The changes in
dietary intake and weight reported in this thesis has compared favourably with other similar
lifestyle trials[18] and overall the accumulating literature surrounding behavioural
intervention for women with prior GDM indicate postpartum dietary and weight change is
achievable in women at risk of developing T2DM.

Limitations and strengths of the current dietary analysis

The dietary data of this thesis was obtained during a pilot conducted as a single blind RCT,
with the RCT considered the most rigorous way of determining whether a cause-effect
relation exists between treatment and outcome.[122] The participants in the HeLP GDM
study were from culturally diverse backgrounds previously associated with an increased risk
of GDM [31, 32] and T2DM [123] thus allowing the findings to be generalised across more
than the Australian Caucasian population.
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Several limitations must be noted when evaluating dietary data from the HeLP GDM study,
of which first is the small sample size of only n=59. Furthermore the substantial number of
missing data at six months further illustrates the challenges of working with this population
of women with young families. The HeLP GDM study was a pilot for a potentially larger
trial, with ascertaining the effect size of the intervention one of the pilot’s main aims.

As previously mentioned imputation of the baseline value at six months for approximately
one third of the participant’s food record may have substantially underestimated the dietary
change achieved as results from the food record completers analysis suggests. It is probable
that the majority of these women had prior dietary counselling during their GDM pregnancy
not only to manage their diabetes at the time but for future T2DM prevention. It is possible
that women who maintained positive dietary change from their counselling into the
postpartum period may not have shown significant improvement in the study, thereby
reducing the overall intervention effect.

Exclusive breastfeeding is recommended by the WHO until an infant is 6 months of age after
which it is recommended breastfeeding continue alongside nutritionally adequate foods until
two years of age.[124] Women who breastfeed require an increase in their energy
requirements and breastfeeding has been shown to accelerate recovery of prepregnancy
weight.[124] However the effects of breastfeeding on dietary intake and weight in this study
were minimal as participants were recruited six months to four years post their GDM
pregnancy, with only two participants having had children under one and none were still
breastfeeding at the time of baseline data collection.

It is unknown what effect inclusion of Calorie King nutrient data when the appropriate
substitutions were lacking in the FoodWorks software had on the energy and macronutrient
intakes obtained. However the food substitution information obtained from Calorie King was
applied consistently and should not have affected the changes over time that was seen.
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Apart from baseline measured weight the remaining information collected was self-reported.
Self-reported data can be affected by social desirability bias (SDB), the tendency to respond
in such a way as to avoid criticism and respond in a manner consistent with expected norms
or to seek social approval.[125] Previous research has shown even a brief intervention can
promote socially desirable responses by participants assigned to the intervention group.[125]
In the study women were blindly assigned to either an intervention or control group prior to a
telephone interview regarding dietary intake and health.

The intervention group prior to the interview were provided with an information sheet
containing messages regarding healthy intake of fruit and vegetables. While the intervention
and control group reported similar data in regard to most characteristics analysed, total fruit,
total vegetable and total fruit and vegetable intake were significantly higher in the
intervention group.[125] In the HeLP GDM intervention to reduce the possibility of SDB on
the self-reported data, MG was blinded to group assignment while she conducted all dietary
assessments.

No objective biomarkers were collected to validate energy or protein intake in the HeLP
GDM intervention. As SDB can overestimate an intervention effect, any future trial in this
population should include a sub study in which biomarker information is compared with selfreported dietary data. In the current thesis analysis no assessment as to the degree of
underreporting at any time point in the pilot was completed. Thus it is unknown if the
intervention which reinforced the message to consume lower fat, higher fibre wholegrain
foods resulted in any greater amount of under or over reporting in the intervention group
compared to the control.

Prior formative research has been conducted in a purposely selected sample of
Cantonese/Mandarin, Arabic and English speaking women with a history of GDM from the
same area health service. The research indicated this population of women wanted
individually tailored, culturally appropriate guidance regarding their diet, cooking methods
and menu planning, preferably in their native language. Budget constraints did not allow for
translated materials to be provided in the HeLP GDM study. Thus it is unknown whether the
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intervention delivered, was sufficiently culturally sensitive within this area health service of
NSW. It is unknown if a more culturally tailored intervention ie provision of translated
materials or dietitians of the same cultural background, may have resulted in a greater
intervention effect.

Despite the limitations it can be summarised that a lifestyle intervention in women with prior
GDM targeting dietary change of fat, fibre and energy intake resulted in statistically
significant and clinically favourable change in such intakes. [126]
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CHAPTER FOUR - RELATIVE VALIDITY OF DIETARY ASSESSMENT IN
THE HeLP GDM STUDY
Introduction
Given that the assessment of dietary data validity within the study context can strengthen a
dietary study’s primary findings the secondary aim of the thesis, was to conduct a relative
validity analysis on dietary data collected in the HeLP GDM study. This chapter of the thesis
is an analysis of baseline and six month dietary data from the HeLP GDM study which details
the agreement in estimates of energy and macronutrient intake at the group and individual
level, between the seven day telephone diet history and three day estimated food record.

Method
The section Dietary assessment and Data entry in chapter three discussed the dietary
assessment methods and the dietary data entry respectively. The proceeding section outlines
the statistical methods chosen to assess relative validity.

Statistical analysis
It is difficult to obtain the true value for macronutrient intake via self-reported methods. The
assessment of agreement between the seven day telephone diet history and three day
estimated food record is between two ‘non-perfect’ measures of dietary intake each with their
own different source of measurement error as specified in the Dietary assessment methods
section of the literature review. A decision regarding agreement between two assessment
methods is a relatively subjective one.

In the current analysis relative validity was assessed using the paired t-tests, Pearson product
moment correlation coefficients and Bland Altman scatterplots. In addition the paired t test
was used to determine any significant difference in mean bias (meanbias)4 at six months. The
Pearson product moment correlation coefficient gives information about the strength of a
4

Bias is computed as the value determined by one method minus the value determined by the other
method. The mean bias is thus the average difference between the two methods of measurement.
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relationship and the paired t-test confirms whether group means are significantly different. To
determine the level of individual agreement across a given range, Bland Altman scatterplots
were constructed. [127]

The limits of agreement 5 (LOA) in a Bland Altman scatterplot demonstrate the extent of
precision around the meanbias. A greater degree of separation between the LOA indicates a
larger variability in the difference between methods and a lower precision of agreement
between measurements. Individuals reporting an energy intake outside the plausible energy
intake range of ≥2101kJ to ≤14699kJ were excluded from the analyses. [128]

Results
Dietary estimates from both the diet history and food record were obtained for n= 59
participants at baseline. At baseline two participants were excluded from relative validity
analyses as their reported baseline energy intakes were above the upper limit of the plausible
energy intake range: one participant reported an intake of 15405kJ via the diet history and the
second participant a food record intake of 16012kJ. The total sample was thus n = 57 at
baseline. Due to missing food record data, sample size was n = 38 for tests of agreement at
six months and analysis of change in meanbias between baseline and six months. These
analyses involved n=19 from each treatment group with no reported intake data excluded.

At baseline meanbias showed the diet history overestimated energy and dietary fibre and
underestimated total fat and SFA with clinically small mean biases for each variable. At six
months, however, the diet history underestimated all variables. There was no significant
difference between mean estimate of energy, total fat, SFA, dietary fibre and %E from total
fat and SFA from the diet history and food record at baseline. There was also no significant
difference in bias between baseline and six months.

Moderate correlation coefficients between estimates were found for all variables at baseline
and six months (Table 12). Non-significant r2 values for all variables except fibre at six
5

The LOA define the limits within which 95% of the differences between the two methods are expected to fall.

77

months demonstrated there was no linear relationship between bias and mean intake. For
dietary fibre intake at six months, upon removal of an outlier where the bias was -36g, the
linear relationship was no longer demonstrated (r2 0.049 p=0.19).

At baseline and six months the standard deviation of the mean bias was large for all variables
indicating a considerable extent of intra individual variation in measurements made with the
diet history and food record. At baseline for all variables more than 5% of the cases were
outside the 95% confidence intervals of the mean bias. However at six months this was no
longer the case.

Limits of agreement calculated at baseline and six months were clinically large. At baseline
the LOA for total energy intake illustrated that any estimate energy from the diet history
differed by between -4072 and 4163kJ compared to the food record (Figure 3). Additionally
the LOA for total fat, SFA, fibre, %E from total fat and %E from SFA were respectively: 65g and 58g (Figure 4), -25g and 22g (Figure 5), -14g and 16g (Figure 6), -18.5% and 14.5%
(Figure 7), -9% and 7% (Figure 8). At six months the LOA for energy total fat, SFA, fibre,
%E from total fat and %E from SFA from the diet history differed respectively by between 5096 and 3562 kJ (Figure 9), -61.9g and 40.9g (Figure 10), -29.1g and 14.1g (Figure 11), 20.3g and 16.1g (Figure 12),-15.4% and 10.6% (Figure 13), -7.5% and 4.7% (Figure 14)
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Table 12: Relative validity of energy and macronutrient intake between the seven day telephone diet history and three day estimated food record at baseline and six months

Baseline n = 57

Energy (kJ)

Fat (g)

SFA (g)

Fibre (g)

DH Mean

FR

(SD)

Six months n=38
Paired

R value

(SD)

t-test P

(p)

8095

8049

0.87

0.63 (.00)

(2621)

(2148)

67.2 (31.9)

70.8 (26.5)

23.9 (13.9)

24.9 (9.3)

Mean

25.5 (11.6)

23.9 (9.4)

0.39

0.32

0.36

0.43 (.00)

0.59 (.00)

0.67 (.00)

Biasmean(SD)

*R2(p)

R value

*R2(p)

(p)
46 (2101)

0.06 (.06)

-3.6 (31.4)

0.04 (.13)

-1.6 (11.8)

0.05 (.11)

0.9 (7.6)

0.00 (.92)

0.55

0.03

(.00)

(.31)

0.54

0.01

(.00)

(.57)

0.61

0.00

(.00)

(.80)

0.61

0.23

(.00)

(.00)

0.45

0.00

(.01)

(1.0)

0.50

0.01

(.00)

(.57)

Difference in bias over time n = 38
Baseline

Six months

Paired

Biasmean(SD)

Biasmean(SD)

t-test P

-174 (2018)

-767 (2209)

0.16

-4.3 (33.1)

-10.5 (26.2)

0.34

-2.3 (11.9)

-4.5 (9.5)

0.32

0.4 (8.3)

-2.1 (9.3)

0.17

-1.5 (8.2)

-2.4 (6.6)

0.66

-0.9 (4.2)

-1.4 (3.1)

0.59

%E from:
Total fat (g)

SFA (g)

30.2 (7.6)

10.6 (3.7)

32.2 (7.2)

11.6 (4.0)

0.08

0.07

0.35 (.01)

0.46 (.00)

-2.0 (8.4)

0.00 (.68)

-1.0 (4.0)

0.01 (.52)

*linear regression
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Figure 3 : Bland- Altman plot: agreement of estimated energy intake between a seven day telephone diet history and
three day estimated food record at baseline

Figure 4: Bland- Altman plot: agreement in estimated total fat intake between a seven day telephone diet history and
three day estimated food record at baseline
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Figure 5: Bland- Altman plot: agreement in estimated saturated fat intake between a seven day telephone diet history
and three day estimated food record at baseline

Figure 6: Bland- Altman plot: agreement in estimated fibre intake between a seven day telephone diet history and three
day estimated food record at baseline
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Figure 7: Bland- Altman plot: agreement in estimated %E intake from total fat between a seven day telephone diet
history and three day estimated food record at baseline

Figure 8: Bland- Altman plot: agreement in estimated %E intake from saturated fat between a seven day telephone diet
history and three day estimated food record at baseline
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Figure 9: Bland- Altman plot: agreement in estimated energy intake between a seven day telephone diet history and
three day estimated food record at six months

Figure 10: Bland- Altman plot: agreement in estimated total fat intake between a seven day telephone diet history and
three day estimated food record at six months
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Figure 11: Bland- Altman plot: agreement in estimated saturated fat intake between a seven day telephone diet history
and three day estimated food record at six months

Figure 12: Bland- Altman plot: agreement in estimated fibre intake between a seven day telephone diet history and
three day estimated food record at six months
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Figure 13: Bland- Altman plot: agreement in estimated %E intake from total fat between a seven day telephone diet
history and three day estimated food record at six months

Figure 14: Bland- Altman plot: agreement in estimated %E intake from saturated fat between a seven day telephone
diet history and three day estimated food record at six months
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Discussion
The relative validity analysis between the diet history and food record demonstrated that in a
sample of women with prior GDM there was good agreement between the methods at the
group level. Comparability across relative validity studies in dietary assessment can be
difficult due to different assessment methods compared, different populations and variables
under study, statistical manipulation of data prior to analysis and statistical assessment.

In previous literature of both healthy individuals and those with T2DM, the diet history has
been found to both under or overestimate dietary intake, with underestimation cited by the
majority.[70, 80, 96] Sparse information is known about the relative validity of estimates of
fibre obtained by the diet history compared with the food record possibly due to the greater
focus in the earlier years on dietary fat. Only one validation study reported a non-significant
mean overestimation of fibre by the diet history which concurs with the baseline results of
this thesis. [97]

A prior analysis in women with recent GDM found the diet history to overestimate energy
and total fat but not SFA compared to the food record.[70] Overestimation of energy reported
in the sample was however much larger than the current overestimation (563kJ versus 46kJ,
respectively) and non-significantly different from their food record estimate. Between the two
studies energy and SFA as %E followed the same trend however results for total fat differed,
with total fat underestimated at both time points in the current study.

Most studies report large SD of mean bias for all dietary variables however this large intraindividual variation is expected. The diet history and the food record incorporate different
characteristics, with the diet history a reflection of usual intake and a three day food record in
reality a measure of actual intake. In the current study by six months half the sample had been
treated dietetically. This may have contributed to a more stable pattern of dietary intake, a
better awareness of portion size and or a general increased awareness of intake, all of which
may have contributed to the reduction in outliers and narrower LOA seen at six months.
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When compared with the other relative validity studies the moderate correlation coefficients
obtained in this thesis analysis is within the range published in the literature for energy r =
0.47 - 0.7, [80, 81, 95, 96] However there is less consistency in correlation coefficient for %E
from total and SFA. The moderate correlation coefficients found in this study were however
lower than most studies for %E from total fat (r = 0.35 vs r = 0.57,[81] r = 0.62,[96] r =
0.64[80]) and %E from SFA (r = 0.46 vs r = 0.61,[70] r = 0.64,[96] r = 0.75.[80]) Within the
current study there was minimal variation in correlation coefficients between baseline and six
months.

At the end of the HeLP GDM intervention significant reductions in total and SFA were
demonstrated by diet history and food record data. With this study and others suggesting an
underestimation of energy, fat and SFA by the diet history [80, 96] caution could be
encouraged in considering the magnitude of the intervention effect. The food record
completers analysis however found there were greater reductions in these variables than those
reported by the diet history.

There are a number of limitations to this relative validity analysis between the telephone diet
history and estimated food record. Data for the analysis was not stratified according to
treatment group therefore it is unknown if there are differences between methods according
to treatment group. Actual accuracy of both methods is unknown as neither dietary measure
was measured against criterion validity for energy intake. Furthermore, exclusion from
analyses for underreporting or over reporting was not study specific and the plausible energy
intake range included wide limits. Such wide limits which may have resulted in true under or
over reporters to have remained in the analysis thereby influencing the variation in precision.

The decision to administer the traditional open ended diet history interview via the telephone
and to request an estimated rather than weighed food record was chosen to maximise
recruitment and minimise missing data. It was believed a change in administration of the
methods would reduce participant burden in a population who are often difficult to recruit
and retain to dietary interventions.[72] Previous literature in the 24 hour recall method
indicated no difference in underreporting between estimates obtained in a face to face
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interview compared with those obtained via the telephone.[100] However it is unknown the
exact impact different mode of diet history administration had on the precision of diet
history’s to agree with food record estimates.

Misrepresentation of portion size of food consumed which contributes to overall
misreporting, is problematic in any dietary assessment. It is conceivable that portion size
estimation was limited even further by use of the telephone compared to face to face. In prior
conversational analysis of the diet history use of the term "probably" reflected how
individuals estimate portion size.[129] In a face to face diet history difficulty in portion
estimation identified by this word could be lessened by using visual portion size aids. Use of
such strategy is, however, limited when the diet history is conducted over the telephone.

In addition the study found sensitive topics such as consumption of chocolate, take away,
butter or margarine and red meat or pork were accompanied with hesitation, pauses,
explanation and laughter.[129] In this paper written by Tapsell et al they advise “the diet
history interviewer recognise these “marked” responses require special attention, with
hesitation and or explanations be supported and considered positively”.[129] A number of
these responses such as hesitation or pause may be potentially missed or misinterpreted when
an interview is conducted over the telephone, resulting in decreased opportunities to increase
reporting accuracy. It is of interest to note the large SD of mean bias identified in the study is
comparable to those reported in other relative validity studies of the diet history. That said,
further study of the diet history administered by both methods would clarify the extent of this
potential error.

In order to assist in portion size estimation, participants in the HeLP GDM pilot were told to
have available the standard measuring cups and spoons they were given to complete the food
record with them during the telephone diet history. Despite the limitations associated with
using standard measuring cups and spoons as a main portion size estimation aid, such
practice would have enabled consistency in portion determination across both dietary
assessment methods. Furthermore, portion size prompts such as a female fist size for a
medium potato provided to participants on the food record booklet were used during the diet
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history. Although such prompt lacks standardisation as fist size varies across women, use of
these prompts should not have affected the relative validity results as the prompts were used
in both methods.

The relative validity analysis of the diet history and food record must be interpreted in the
context of dietary data obtained from women from diverse cultural backgrounds all with prior
GDM. Although no sub analysis was conducted according to ethnicity, a highly multicultural
sample may have influenced the agreement between the telephone diet history and the
estimated food record in several ways. Firstly although individuals with insufficient English
language skills were excluded, such judgement was arbitrarily decided during recruitment.
Participants were asked if they were able to complete a food record. They may have believed
their English skills to be adequate but many completed food records lacked sufficient detail.

Brief food records may have led to a greater amount of assumption work during data entry
compared with greater detailed description elicited during the diet history. Although food
assumptions made were applied identically whether required in a diet history or food record,
if assumptions occurred more often in the food record its effect on the direction of bias
between the two methods is unknown.

Any future work in relative validity of dietary

assessment in highly multicultural samples should consider the amount of assumptions
required across methods, whether due to omission of detail by the participant or due limited
food choices inherent in the food composition database at the point of data entry.

A highly multicultural sample may have also influenced results due to potential
miscommunication. It has previously been noted when researcher and respondent do not
share similar culture, culture-specific miscommunication can easily go undetected by
professionals embedded in their own ethnocultural and disciplinary ways of knowing,
thinking and communicating.[130] It is possible this issue may present itself during a diet
history interview.
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A prior study identified how the acceptability of the use of a telephone interview may differ
across culture. The study examined the relevance of a Canadian fruit and vegetable FFQ in
cultural subgroups living in Canada and found the Asian and Portuguese migrants surveyed
believed a face to face survey was more effective than a telephone interview. The older
Cantonese- and Mandarin-speaking participants in this study indicated that the telephone is
not a common mode of communication and they would be unlikely to respond to a telephone
survey. [130] Thus telephone use in dietary assessment should consider the cultural context
and appropriateness prior to its implementation which was not investigated prior to the HeLP
GDM study.

In summary the telephone diet history and estimated food record resulted in comparable
group estimates of intake for energy, total fat and SFA and fibre at baseline with no
significant change in bias at six months. Furthermore the dietary change demonstrated in
Chapter three can be supported by the current relative validity analysis.
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CHAPTER FIVE - CONCLUSIONS AND RECOMMENDATIONS
Conclusion
Women with a history of GDM are a population group with an increased risk of developing
T2DM. While it known that changes in diet and lifestyle can delay or prevent the onset of
T2DM in at risk individuals, research in behaviour change associated with T2DM risk
reduction specifically in women with prior GDM, is lacking. Additionally current clinical
practice provides very little in the way of strategies to reduce risk of T2DM in these women.
Thus the HeLP GDM study a six month behavioural intervention targeting dietary and PA
change was piloted in a multicultural diverse sample of women with prior GDM.

The central hypothesis of this thesis was that dietary change was achieved in the HeLP GDM
intervention. Results as detailed in chapter three prove this hypothesis to be correct, with
significant reductions in intake of fat and energy identified and simultaneous maintenance of
adequate dietary fibre. Analysis of diet history data demonstrated the women in the
intervention were more likely than the controls to achieve the ADA recommendations to
reduce intake of total fat to ≤30% and to achieve an intake of fibre of 15 grams per 4200 kJ.
Furthermore the concurrent self reported weight lost within the intervention group
strengthens the reduction in energy intake seen.

Diet histories in clinical practice are an essential tool for identifying aspects of the diet which
require change hence its inclusion in the HeLP GDM study. Given the intervention context of
the pilot, food records were also obtained. Previous literature has demonstrated no difference
in energy underreporting between the diet history and food record. In this thesis comparable
estimates of energy and macronutrient intakes obtained by the diet history and food record
was hypothesised.

It is important to note that previous work in the area of dietary methodology has advocated
the context of the trial including the purpose of the trial and the individual characteristics of
the participants enrolled, can affect the findings of a validity study.[84] In the context of
dietary information collected during the HeLP GDM study, the dietary assessments were
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modified from their traditional form to suit the needs of the target group. The relative validity
analysis in chapter four demonstrated the two dietary assessment methods provided
comparable group estimates in the intake of fat, fibre and energy.

Extent of intra-individual variation among study participants was high indicating low
precision for the two assessments to agree. However, the wide variation identified was not
notably different to previous literature reporting the relative validity of a face to face diet
history with estimated or weighed food records. The finding of low precision between the
two methods is of less importance to the intervention context given the methods
demonstrated they provided comparable mean estimates both at baseline and at six months.

Similar trends in dietary change at six months were evident across both methods of dietary
assessment however some differences were apparent. Diet history data across both statistical
analyses demonstrated consistent reductions in fat and energy. However, this was not the case
with the food records. The differences seen, however, may have been caused by the statistical
treatment of data, rather than a discrepancy between dietary assessments of actual dietary
change.

With the primary analysis, missing values at six months led to an assumption of no change in
the participant. The food records completers analysis which included only complete six
month data, identified the same trends the diet history analyses. However, when the primary
analysis of food records assumed no change at six months for one third of the sample, change
in several variables failed to reach significance, with only a significant reduction in SFA.
Overall the results of this thesis show promise for the inclusion of dietary change outcomes in
subsequent trials that aim to achieve reduction in incidence of T2DM in women with prior
GDM.

Recommendations for the future
Dietary change in the HeLP GDM study context was limited to women at minimum thinking
of changing dietary of PA behaviour. Future research into the efficacy of dietary intervention
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in women with prior GDM should include women in the precontemplation stage of behaviour
change, given the increased risk of developing T2DM remains whether or not they are
thinking of changing. Recruitment to dietary intervention studies remains a problem in this
target group and future research may simply need to use collaboration across multiple sites to
achieve a satisfactory sample size and adequate power to address the research question.

Prior research has indicated approaching women during the GDM pregnancy rather than at
postpartum may result in sustained dietary changes. Recruitment during a GDM pregnancy
rather than at postpartum allows for a relationship to develop between the woman, health care
provider and researcher, while the woman is still involved in the healthcare system. An
established relationship between these parties may lead to greater numbers of women
recruited and minimise study drop outs.

The HeLP GDM study included the use of five mobile text messages. Although no formal
data was collected on the women's feedback regarding study design, future studies in this area
may benefit from increasing the focus on mobile text messaging as a means of
communication. Short Message Service otherwise known as SMS, is widespread, convenient,
rapid and a less invasive form of communication for individuals who may not feel
comfortable beginning dialogue regarding behaviour change. SMS used as periodic prompts
can be tailored to the individual's stage of change and personal circumstances. This way all
women not just those motivated to change can be targeted.

With the increasing use of technology smartphones now have available applications that
allow the user to enter dietary intake at the point of consumption. Given that women with
young children are generally time poor and are common users of smartphone technology,
future studies should consider validating the use of such applications to assist with dietary
data collection. Additionally future relative validity analysis conducted in highly
multicultural samples should investigate the impact and influence of chosen food
assumptions at the point of data entry and additionally how the frequency may vary across
the dietary assessment methods in question.
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APPENDIX A: PROFORMA FOR PHYSICAL ACTIVITY COUNSELLING IN
THE HeLP GDM STUDY
NOTE: [instructions to counselor in italics]

General suggestions for counseling: be sympathetic and understanding, don’t judge the participant,
try to look for solutions in a conversational way (don’t superimpose them), aim for realistic plans and
goals.

First face-to-face meeting (2wks after baseline)

The program will consist of 2 sessions with me face to face and I will be calling you 5 times of the
next 6 months.

What we will discuss today is your reasons for wanting to join the program, discuss the areas you
need to work on to achieving a more healthier lifestyle and if you are willing set some goals towards
achieving either a more active lifestyle and or eating a more healthier diet.

We have developed this journal for you to use during our counseling. The information and
worksheets provided are intended to help you through the program to achieve your goals. I will be
explaining the sections of the journal as we go along.

Go through reasons for entering program in the journal
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I would like to talk to you now about the role that physical activity can play in improving your health
and reducing your future risk of type 2 diabetes and the strategies you could use to increase your
physical activity participation. In this session I would like to:

explore the benefits that undertaking more physical activity could have for you
consider your recent levels of physical activity
if you are willing, set some goals for participating in more physical activity

Briefly discuss the ‘physical activity recommendation’ section in the journal.

When we met earlier, you completed a question (PA stage of change) on your physical activity,
which suggested that currently you are (select one):

-not regularly physically active, but you are thinking about becoming more physically active in the
next 6 months.
-physically active, but not regularly.
-regularly physically active, but you only started being so in the last 6 months.
-regularly physically active, and you have been so for longer than 6 months.
NOTE: regularly physically active = being moderately physically active for at least 30 minutes per day
on at least five days per week. (explain this to the women if needed)

Is that about right?

Now, let’s explore this a little bit further in your journal.
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Complete the ‘my habits & goals physical activity’ section of the journal together. Have a quick
discussion on the women’s main barriers and possible solutions (show her the ‘barrier solution’
section in the journal, just so she is aware this is available, don’t discuss this in detail). Finish with
setting some short term physical activity goals until your next appointment with her (~2 weeks by
telephone).

I think if you can start to put your plan into action you will feel a difference and if you keep it up it
will bring you health benefits as well. What you set out to do is achievable, and with the discussions
we have had today I am optimistic that you will be able to overcome any barriers you may face in
trying to become more active.

As part of this lifestyle program we are offering some short telephone follow-up contacts over the
next 6 months – five in total with the next one in about two weeks time to see how you are going in
making a start with your physical activity. There will also be one more face to face meeting in about
a month.

Would it be alright for me to call you then and catch up with how you are going, and talk about any
questions or challenges you are facing?

Arrange time for follow-up contact.

Do you have any questions?

Thanks for your time and good luck.
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Telephone check up 1 (4wks after baseline)

[instructions to counselor in italics]

I am calling to follow-up from our discussion at the hospital about physical activity.

How are you going in relation to your physical activity plan?

If necessary: Further prompts could be:

What was it like trying to increase your physical activity these past 2 weeks?

Were you able to incorporate what we discussed last time?

If not meeting goals, acknowledge the challenges in starting to be more active, particularly for busy
mums

What sort of barriers are you facing?

What have you tried to overcome that difficulty (or those difficulties)?

Brainstorm with the participant on possible strategies for overcoming barriers, avoiding being too
didactic (if necessary see barriers section in the journal)
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Would it be helpful to set some new goals now? or would you still like to keep working with the ones
you have got?

If necessary set some new goals, aiming possibly for shorter bouts of activity, or less frequency in
sessions

Offer encouragement to keep going, and reinforce belief that she can make progress towards
establishing a good physical activity routine. Remind her that face to face meeting will be in 2 weeks
time to discuss how she is going and to offer some support.

Arrange time for follow-up contact, thanks her for her time and make wish her good luck.

If meeting goals, congratulate the participant and tell them what a great job they have done

How did it feel to be physically active and to achieve your goal?

Do you find what you are doing is practical?

Do you feel you can keep going with this?

Can you anticipate that there will be any interruptions to your routine? If so do you have any ideas
about how to deal with these?
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Discuss strategies for accommodating interruptions i.e adjusting frequency and/or type of activity, or
accepting these and starting again as soon as possible

Are you ready to perhaps set some new goals

If so, work on setting of new goals, in terms of duration, frequency and/or type of activity

Offer encouragement to keep going, and reinforce belief that she can continue to make progress
towards establishing a good physical activity routine. Remind that face to face meeting will be in 2
weeks time to discuss how she is going and to offer some support.

Arrange time for follow-up contact, thanks her for her time and wish her good luck.
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Second face-to-face meeting (6wks after baseline)

[instructions to counselor in italics]

I am calling to follow-up from our discussion at the hospital about physical activity.

How are you going in relation to your physical activity plan?

If necessary: Further prompts could be:

What was it like trying to increase your physical activity these past 2 weeks?

Were you able to incorporate what we discussed last time?

If not meeting goals, acknowledge the challenges in starting to be more active, particularly for busy
mums

What sort of barriers are you facing?

What have you tried to overcome that difficulty (or those difficulties)?

Brainstorm with the participant on possible strategies for overcoming barriers, avoiding being too
didactic (if necessary see barriers section in the journal)
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If meeting goals, congratulate the participant and tell them what a great job they have done

How did it feel to be physically active and to achieve your goal?

Do you find what you are doing is practical?

Do you feel you can keep going with this?

Can you anticipate that there will be any interruptions to your routine? If so do you have any ideas
about how to deal with these?

Discuss strategies for accommodating interruptions i.e adjusting frequency and/or type of activity, or
accepting these and starting again as soon as possible

In the remainder of this session we will focus in more detail on the following:

talk about social support and physical activity

discuss techniques that you could use to establish a habit of regular physical activity

Social support
A factor that can play a big part in whether women, particularly those who are mothers, are able to
find time for physical activity is whether they receive support and assistance from family and friends.
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This support can come in the form of helping with child care, housework, giving you verbal
encouragement, arranging to participate in physical activity with you, and various other actions.
Doing physical activity with your child(ren), family or friends is not just good for you but can be fun
and beneficial for them as well. What kind of physical activities would be fun to do with your
child(ren), family or friends?

Overall, do you feel supported by family/friends to participate in physical activity? If yes….What
types of support do you find most helpful?

Do you think it would be helpful if you received more assistance from family members or friends,
and if so in what ways?

Do you think you could start a discussion with …. about arranging to get the type of support that you
need (reiterate the support that participant thinks would be helpful)?

If woman finds that asking for help to be active is hard or leads to conflict, consider the following
suggestion: A good way to request support from others is to communicate using “I” statements,
particularly when talking to your partner or others who might feel that they are being accused of not
helping out enough. So instead of saying “I wish you would look after the kids more so I can get
some exercise”, you could say “I would like to start doing a bit more exercise, but I am having
trouble finding time to do that. Could we talk about finding a time when you could … look after kids,
make lunches etc … so I could start to do more exercise”. “I” statements involve starting out with
how you feel and what you need and then asking the other person to help you address that need.
Rather than telling people what they have to do for you, it involves inviting them to talk about how
you could address the need you have. Would this be something you could try?

Self monitoring
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We are going to give you this pedometer and would like to ask you to keep it and use it as a way of
keeping track of the progress you are making. You can use this to firstly find out how many steps you
carry out on a usual day, and then to monitor if you are making increases in your daily steps if you
put your physical activity plan into action. You can actually adjust your goals to set them in terms of
steps rather than minutes (e.g increase steps by 1000 or 2000 per day). The health
recommendations advise people to take at least 10,000 steps per day, but again you do not
necessarily have to reach this on your first day, it is good to set goals and keep increasing these
goals.
Talk her through the pedometer instructions in the journal and explain the use of the pedometer
step log.

This pedometer step log can be used to record your steps and keep a record of your progress. You
can use this just for the first week or two, or possibly continue to use it, or perhaps just reuse it on
certain weeks to see how you are going.

Another good way to monitor your own physical activities is to write them up in a physical activity
log. Show her and explain the activity log in the journal. Like the pedometer step log, you could try it
for a week or two and than continue to use it if it suits you well. If you prefer just to use the
pedometer step log or just the physical activity log, that is fine too.

Other physical activity strategies

Besides self monitoring there are a number of other helpful strategies to become and stay more
physically active. Take the woman through the ‘other strategies to become and stay active’ section
of the journal.

Finish with setting some new short term physical activity goals until your next appointment with her.
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Arrange time for follow-up contact, thanks her for her time and wish her good luck.
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Telephone check up 2-5 (10, 14, 18, 22wks after baseline)

[instructions to counselor in italics]

I am calling to talk about how you are going with your physical activity and diet.

How are you going in recent weeks with your physical activity plan?

If necessary: Were you able to incorporate what we discussed last time (give examples)?

Explore type, frequency and duration of physical activity usually undertaken.

Consider how this compares with the original plans that were made.

Have you been you using the pedometer, step log, and or activity log? If yes, in what ways and what
was helpful and what not? If no, why not?

If not meeting goals, acknowledge the challenges in starting to be more active, particularly for busy
mums

What has made it difficult to stay on track?
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Address internal attribution for lapse if this arises (e.g. I don’t have the willpower) by pointing out
that lapses are common, that she has made progress to date, and there are strategies to reinstate
her physical activity habit. The worst result is to use a lapse as a reason for not pursuing physical
activity goals.

What have you tried to overcome that difficulty (or those difficulties)?

What else do you think would be helpful to you in keeping to your plan?

Brainstorm with the participant on possible strategies for overcoming barriers, avoiding being too
didactic (if necessary see barriers section in the journal)

Are you getting support from family and friends with your physical activity? In what ways?

If not getting support, explore types of support that would be helpful and ways that could be
arranged

Would it be helpful to set some new goals now, or would you still like to keep working with the ones
you have got?

If necessary set some new goals, aiming possibly for shorter bouts of activity, or less frequency in
sessions
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Offer encouragement to keep going, and reinforce belief that she can make progress towards
establishing a good physical activity routine. Remind her when the next meeting will be to discuss
how she is going and to offer some support.

Arrange time for follow-up contact, thanks her for her time and make wish her good luck.

If meeting goals, congratulate the participant and tell them what a great job they have done

Do you find that you are getting into a routine yet with your physical activity?

Is it making any difference to how you feel?

Are you finding that there are any strategies you are using which are helpful in keeping up your
activity (e.g. type of activity, timing, support from husband/others, use pedometer, etc)

How confident are you that you can keep going with this?

Are you getting any support from family and friends with your physical activity?

Can you anticipate that there will be any difficulties in keeping up your routine? If so, how confident
are you that you can overcome these?

If confident discuss plans about how difficulties will be overcome, if not confident discuss strategies
for dealing with barriers.
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Are you ready to perhaps set some new goals?

If so, work on setting of new goals, in terms of duration, frequency and/or type of activity

Offer encouragement to keep going, and reinforce belief that she can continue to make progress
towards establishing a good physical activity routine. Remind her when the next meeting will be to
discuss how she is going and to offer some support.

Arrange time for follow-up contact, thanks her for her time and wish her good luck.
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APPENDIX B: PROFORMA FOR DIETARY COUNSELLING IN THE HeLP
GDM STUDY
NOTE: [instructions to counselor in italics]

First face-to-face meeting (2 wks after baseline)

General suggestions for counseling: be sympathetic and understanding, don’t judge the participant,
try to look for solutions in a conversational way (don’t superimpose them), aim for realistic plans and
goals.

Thank you for completing the food record and spending the time to talk to our research dietitian
about your eating patterns.

What we will discuss today is your reasons for wanting to join the program, discuss the areas you
need to work on to achieving a more healthier lifestyle and if you are willing set some goals towards
achieving either a more active lifestyle and or eating a more healthier diet

We have developed this journal for you to use during our counseling. The information and
worksheets provided are intended to help you through the program to achieve your goals. I will be
explaining the sections of the journal as we go along.

Go through reasons for entering program in the journal

I would like to talk to you now about the importance that healthy eating can play in improving your
health and reducing your future risk of type 2 diabetes and the strategies you could use to establish
a healthy eating pattern. In this session I would like to:

In regards to diet:
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Use the brainstorm map to discuss what problem areas have been identified and if she feels they are
a problem by using the following questions below

How do you feel about your current intake of (issues identified)

Are you interested in trying to…(mention areas identified) ?

What do you see as your barriers to eating a healthier diet?

Questions to ask while exploring barriers:

What is a typical day when you experience this barriers, is the barrier pretty constant, have you tried
anything to get over this, was it helpful, what did you learn?

If self efficacy is a problem: setting small goals and be positive that they have joined the program

Use goals worksheet in journal to set goals

I think if you can start to put your plan into action you will feel a difference and if you keep it up it
will bring you health benefits as well. What you set out to do is achievable, and with the discussions
we have had today I am optimistic that you will be able to overcome any barriers you may face in
trying to improve your eating habbits

As I mentioned previously, as part of this lifestyle program we are offering some short telephone
follow-up contacts over the next 6 months – five in total with the next one in about two weeks time
to see how you are going in making a start with your goals. There will also be one more face to face
meeting in about a month.
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Would it be alright for me to call you then and catch up with how you are going, and talk about any
questions or challenges you are facing?

Arrange time for follow-up contact.

Do you have any questions?

Thanks for your time and good luck.
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Telephone check up 1

[instructions to counsellor in italics]

I am calling to follow-up from our discussion at the hospital about eating patterns and or physical
activity

How are you going in relation to your food goals?
If necessary: Further prompts could be:

What was it like trying to

Were you able to incorporate what we discussed last time?

If not meeting goals, acknowledge the challenges in changing behaviours, particularly for busy mums

What sort of barriers are you facing?

What have you tried to overcome that difficulty (or those difficulties)?

Brainstorm with the participant on possible strategies for overcoming barriers, avoiding being too
didactic

Would it be helpful to set some new goals now, or would you still like to keep working with the ones
you have?

If necessary set some new goals
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Offer encouragement to keep going, and reinforce belief that she can make progress towards
establishing a good healthy eating routine. Remind that face to face meeting will be in 2 weeks time
to discuss how she is going and to offer some support.

Arrange time for follow-up contact, thanks her for her time and wish her good luck.

If meeting goals, congratulate the participant and tell them what a great job they have done

How did it feel to make these food changes and to achieve your goal?

Do you find what you are doing is practical?

Do you feel you can keep going with this?

Can you anticipate that there will be any interruptions to your routine? If so do you have any ideas
about how to deal with these?

Discuss strategies for accommodating interruptions or accepting these and starting again as soon as
possible

Are you ready to move on to other goals we set at the first face to face counseling session?

If so, work on next set of goals discussed at the previous face to face counselling session

Offer encouragement to keep going, and reinforce belief that she can continue to make
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progress towards establishing a healthy eating pattern. Remind that face to face meeting will be in 2
weeks time to discuss how she is going and to offer some support.

Arrange time for follow-up contact, thanks her for her time and wish her good luck.
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Second face-to-face meeting (6wks after baseline)

How are you going in relation to your food goals?

If necessary: Further prompts could be:

What was it like trying to?

Were you able to incorporate what we discussed last time?

If not meeting goals, acknowledge the challenges in changing behaviours, particularly for busy mums

What sort of barriers are you facing?

What have you tried to overcome that difficulty (or difficulties)?

If social support is an issue: questions to ask (do you think it would be helpful if you received more
assistance from family members or friends and if so in what ways

talk about using I statements to tell them how you feel/what you need and then inviting them to talk
about how they can help address your needs rather than blame. Could this be something they are
willing to try?

Brainstorm with the participant on possible strategies for overcoming barriers, avoiding being too
didactic

Would it be helpful to set some new goals now, or would you still like to keep working with the ones
you have have?
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If necessary set some new goals

Offer encouragement to keep going, and reinforce belief that she can make progress towards
establishing a good healthy eating routine. Remind that telephone contact meeting will be in 4 weeks
time to discuss how she is going and to offer some support.

If there are remaining areas to be discussed for diet start discussing additional goals even if patient is
not planning to implement them immediately

Arrange time for follow-up contact, thanks her for her time and wish her good luck.

If meeting goals, congratulate the participant and tell them what a great job they have done

How did it feel to make these food changes and to achieve your goal?

Do you find what you are doing is practical?_

Do you feel you can keep going with this

Can you anticipate that there will be any interruptions to your routine? If so do you have any ideas
about how to deal with these

Discuss strategies for accommodating interruptions or accepting these and starting again as soon as
possible

Are you ready to move on to other areas/goals we set at the first face to face counselling session
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If so, work on next remaining areas to be discussed as established at the previous face to face
counseling session

Offer encouragement to keep going, and reinforce belief that she can continue to make progress
towards establishing a healthy eating pattern. Remind that telephone contact will be in 4 weeks
time to discuss how she is going and to offer some support. Arrange time for follow-up contact,
thanks her for her time and wish her good luck.
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Telephone check up 2-5 (10, 14, 18, 22wks after baseline)

[instructions to counselor in italics]

I am calling to talk about how you are going with your physical activity and diet.

How are you going in recent weeks with your dietary intake?

If necessary: Were you able to incorporate what we discussed last time (give examples)?
Consider how their current eating patterns this compares with the original plans that were made.

If not meeting goals, acknowledge the challenges

What has made it difficult to stay on track?

Address internal attribution for lapse if this arises (e.g. I don’t have the willpower) by pointing out
that lapses are common, that she has made progress to date, and there are strategies to restart
towards goals. The worst result is to use a lapse as a reason for not pursuing better eating patterns.

What have you tried to overcome that difficulty (or those difficulties)?

What else do you think would be helpful to you in keeping to your plan?

Brainstorm with the participant on possible strategies for overcoming barriers, avoiding being too
didactic (if necessary see barriers section in the journal)

Are you getting support from family and friends? In what ways?
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If not getting support, explore types of support that would be helpful and ways that could be
arranged

Would it be helpful to set some new goals now, or would you still like to keep working with the ones
you have got?

If necessary set some new goals

Offer encouragement to keep going, and reinforce belief that she can make progress towards
establishing better dietary patterns. Remind her when the next meeting will be to discuss how she is
going and to offer some support.

Arrange time for follow-up contact, thanks her for her time and wish her good luck.

If meeting goals, congratulate the participant and tell them what a great job they have done

Do you find that you are getting into a routine yet with your dietary intake

Is it making any difference to how you feel?

Are you finding that there are any strategies you are using which are helpful in keeping up your
changes

How confident are you that you can keep going with this?

Are you getting any support from family and friends?
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Can you anticipate that there will be any difficulties in keeping up your routine? If so, how confident
are you that you can overcome these?

If confident discuss plans about how difficulties will be overcome, if not confident discuss strategies
for dealing with barriers.

Are you ready to perhaps set some new goals?

If so, work on setting of new goals

Offer encouragement to keep going, and reinforce belief that she can continue to make progress
towards establishing a good dietary intake. Remind her when the next meeting will be to discuss how
she is going and to offer some support.

Arrange time for follow-up contact, thanks her for her time and wish her good luck.
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APPENDIX C: SEVEN DAY TELEPHONE DIET HISTORY PROFORMA
Participant ID:
Diet Hx #:
Checked:
Date:

Diet History
The HeLP GDM Study

© dhq 2002. Tapsell LC, Patch CS.
diet history (Base) 2042
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Are you currently breastfeeding?
Yes
No

Core Food Choices: Please indicate the type of foods you select in these categories
Food group

Type

Milk (full fat, skim)
Cheese (full fat,
reduced fat)
Yoghurt (full fat,
reduced fat, diet)
Bread (white, grain)
Sugar(in drinks)
Dressings:
Sandwich
Salad

Part 1: Food Preparation Practices

Butter/Margarine
What type do you usually use?
Butter
Dairy blend
Margarine - polyunsaturated, regular
Margarine - polyunsaturated, reduced fat
Margarine - monounsaturated, regular
Margarine – monounsaturated, reduced fat
Other_____________________________
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Oil/Fat in cooking
What type of oil/fat do you use in cooking?
Butter

Olive oil

Dairy blend

Canola oil

Margarine - polyunsaturated, regular

Soybean oil

Margarine - polyunsaturated, reduced fat

Gold’n Canola

Margarine - monounsaturated, regular Other _________________________

Fat on Meats/Chicken
How much fat is trimmed from meat before cooking/eating?
None
25%
50%
All

How much of the skin on chicken to you remove before cooking/eating?
None
25%
50%
All
Other, please specify: ___________
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Part 2: Breakfast
How often do you eat this meal?
Type

Home
Cooking method
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Amount

Away
Frequency

Part 3: Lunch
How often do you eat this meal?
Type

Cooking method

Home
Amount
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Away
Frequency

Part 4: Dinner
How often do you eat this meal?
Type

Cooking method

Home
Amount
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Away
Frequencyi

Part 5: Snacks / mid-meals (i.e. foods consumed outside main meals)

How often do you eat this meal?
Type

Cooking method

Home
Amount
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Away
Frequency

Part 6: Food Frequency Checklist
Food Category

Amount

Frequency

Bread/crumpet
Biscuits
Crispbreads/crackers
Cakes/scones/muffins/pastries
Pancakes
Beans/legumes
Fruit
Fruit juice
Soft drinks/cordials
Chocolate/lollies
Chips
Alcohol
Milk
Yoghurt
Ice cream
Cheese
Dip/cream cheese/cheese spread
Soy milk
Soy cheese
Soy yoghurt
Eggs/omega eggs
Salmon/tuna (fresh/canned)
Sardines/Mackerel
White fish varieties
Oysters
Walnuts
Pecans
Other nuts
Seeds
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APPENDIX D: THREE DAY FOOD RECORD PROFORMA

Participant ID:
Food record #:

Date:
Checked:

3 Day Food Record: Healthy Living
Program after Gestational Diabetes
(HeLP GDM)
Please fill in this food record on 2 weekdays and 1 weekend day.
Select days that will most closely resemble your eating habits.

Please record all the food/drink you have on those days including
the amount (cup or spoon measures). The record should include all
meals, snacks, nibbling, and beverages including water and any
alcohol. Record what you eat and drink as soon as you can to
reduce the chance of forgetting.

Please provide as much detail as you can eg whether fish was
grilled, fried, baked, type of bread eg wholegrain or rye. For
increased accuracy, brand names where possible should be
recorded.

If the food is eaten raw then list the raw measurement OR if the
food is eaten cooked then list the cooked measurement (see food
- 136 -

record example for the procedure to follow if it is not possible to
provide cooked measurements.)

Use the attached pages to help fill the food record as accurately as
possible. For each new day start a new page.

Please don’t be afraid or embarrassed to write down everything you
eat and drink. All the information you provide is very important to
us and will be kept confidential.
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Beverages

Did you add sugar or milk?

Sandwiches

Was it regular or
decaffeinated?

Type of bread used?
Type of fillings: estimate
number of slices of meat,
cheese
If salad sandwich what type
of salad eg beetroot, lettuce
etc

Breads

Did you spread on butter or

Meats

What preparation method

margarine? Which brand and

did you use?

type? If it is a roll is it small,

What type of meat? (eg

medium or large?

beef, chicken)
Did you remove any visible
fat?
Is the weight listed for
cooked or raw meat?
If the meal was for 4 how
much did you eat: ¼ , ½, 1/3
etc

Spreads

Cereal

Measure usual spread by the

Soups

Was it prepared with milk,

teaspoon/tablespoon as it

water, or cream?

goes on.

Was it low-sodium or

Jam, honey etc?

regular?

Did you add milk? Was it full

Sugars /
Sweets

Was it regular or reduced-

cream, low fat, skim, added

calorie? Brands?

calcium?

Don’t forget hard candy as

Did you add sugar or fruit?

well as chocolate.

Type, brand amount?
Dairy

Is your yogurt fruited or plain?

Vegetables

Was it raw or cooked? Was
it fresh, frozen, or canned?

What % is your milk?
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Was it low-sodium or
regular?
Did you add any
butter/margarine/oil or
sauce?
Fats/Oils

Is the butter regular or salt-

Take- aways

free?
Do you use margarine?
Which type of oils?
Is it regular or reduced fat?
Fruit

Did you add sugar to it?
Was it fresh, canned, or
frozen?
Fruit juice? Brand? Is It 100%
fruit juice or fruit drink
If fruit is small eg strawberries
or apricot list amount eg 3
strawberries
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Estimate quantities in cups

Day:_______________________Date:________________________
Time Meal type

Food

Amount

How was it
cooked (fried,
grilled, boiled)

Where was it made
(home, café,
restaurant)

6am

Uncle Toby’s traditional rolled oats

1.5 cups cooked

Boiled

Home

Shape skim milk

1 cup

Coffee

1.5 cups

Shape skim milk

2 tablespoons

Raw sugar

2 teaspoons

Arnott’s Jatz biscuits

6 round biscuits

Coon cheddar cheese 30% reduced fat

2 slices

Water

600ml

10am

1pm

4pm

Breakfast

Morning Tea

Lunch

Afternoon Tea

1 steak and sandwich:

home

Beef sirloin steak, fat removed

100 gram cooked

Coon cheddar cheese: 30% reduced fat

1 slice

Cos lettuce

1 cup

Canned and drained beetroot

2 slices

Tomato

Half a small tomato

Flora pro-active margarine (regular fat)

2 teaspoons

Banana

1 medium

Skim capuccino

1 small
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Grilled

cafe

Day:_______________________Date:________________________
Time

Meal
type

Food

Amount

6pm

Dinner

Indian chicken curry:
Ghee
Chicken thigh fillets – skin & half fat removed
Brown onion
Curry paste
Campbell’s reduced salt chicken stock
Canned diced tomatoes
Sweet potato (orange and peeled)
Green beans
Basmati rice
Chocolate cake
Brown sugar
Dairy farmers full fat milk
Weston star regular fat butter
Cocoa powder
Self raising flour
Bicarbonate of soda
Plain flour
Egg large

Recipe makes 4 serves and I ate 1 serve
2 teaspoons
900 gram raw (according to the packet label)
1 medium raw
Half a cup
1 cup
400 gram can
500 gram raw (according to the label)
200 gram raw (according to the package)
1.5 cups cooked
Cake makes 8 serves and I ate 2 serves
1 cup
3 quarters of a cup
125g (using packet as a guide)
Half a cup
1 cup
Quarter teaspoon
2 tablespoons
3

9pm

Supper
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How was it
cooked (fried,
grilled,
boiled)

Where was
it made
(home,
café,
restaurant)
home

Boiled
Boiled
boiled
Home

Day:_______________________ Date:________________________
Time

Meal type

Food

Amount

How was it
Where was it
cooked (fried, made (home,
grilled, boiled) café, restaurant)

PORTION GUIDE
Medium potato = woman’s fist 40g hard cheese
Medium fruit

= Fist

= matchbox 180g fish fillet = whole hand

100g cooked meat = palm of hand
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